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ABSTRACT
EFFECTS OF LEUPEPTIN ON AVERS IVELY MOTIVATED 
SPATIAL MEMORY
by
T im o t h y  A.  O t t o  
U n i v e r s i t y  o f  New H a m p s h i r e ,  December ,  1986
Re ce n t  e v i d e n c e  i n d i c a t e s  t h a t  t h e  a c t i v a t i o n  o f  a 
c a l c i u m - d e p e n d e n t  p r o t e i n a s e ,  c a l p a i n ,  r e s u l t s  i n  t h e  f o r m a t i o n  o f  new 
g l u t a m a t e  r e c e p t o r s  i n  t h e  h ippocampus  ( L y n c h ,  H a l p a i n ,  6 B a u d r y ,  1982 ) ,  
a b r a i n  a r e a  commonly t h o u g h t  t o  p l a y  a c r u c i a l  r o l e  i n  mamma l i an  memory 
f o r m a t i o n .  J_n v i  t r o . t h i s  e f f e c t  i s  c o r r e l a t e d  w i t h  a l o n g - l a s t i n g  
en hanceme n t  o f  e f f i c a c y  i n  s y n a p t i c  t r a n s m i s s i o n  ( l o n g - t e r m  
p o t e n t i a t i o n ,  LTP) f o l l o w i n g  b r i e f  p u l s e s  o f  e l e c t r i c a l  s t i m u l a t i o n  i n  
t h e  h i p p o c a m p u s  ( D u nw id d ie  £ Lynch,  1 9 7 9 ) *  Because t h e  i n d u c t i o n  
p r o p e r t i e s  o f  LTP a re  s i m i l a r  t o  t h e  b e h a v i o r a l  p r o p e r t i e s  o f  memory ,  i t  
has been p r o p o s e d  t o  be t h e  p h y s i o l o g i c a l  b a s i s  o f  memory (Lynch  i  
B a u d r y ,  1981* ) . I f  t h e  c a l c i u m - d e p e n d e n t  a c t i v a t i o n  o f  c a l p a i n  i s  
r e s p o n s i b l e  f o r  t he  i n d u c t i o n  o f  LTP and  u l t i m a t e l y  memory f o r m a t i o n ,  
t h e n  p h a r m a c o l o g i c a l l y  b l o c k i n g  th e  c a 1c i u m - c a l p a i n  i n t e r a c t i o n  s h o u l d  
b l o c k  t h o s e  f o r m s  o f  memory  de pe nd en t  o n  t h i s  mec ha n i s m.
T h r e e  e x p e r i m e n t s  w e r e  c o n d u c te d  t o  as se ss  t h e  e f f e c t s  o f  
l e u p e p t i n ,  a p r o t e i n a s e  ( c a l p a i n )  i n h i b i t o r  on a v e r s i v e l y  m o t i v a t e d  
s p a t i a l  memory i n  r a t s .  I n  E x p e r i m e n t  One,  e i t h e r  l e u p e p t i n  (8  mg /
v i  i
ml i s o t o n i c  s a l i n e )  o r  i s o t o n i c  s a l i n e  was i n f u s e d  c o n t i n u o u s l y  i n t o  t h e  
c e r e b r o s p i n a l  f l u i d ,  and r a t s  w e r e  t r a i n e d  i n  a on e -way  a v o i d a n c e  t a s k  
w i t h  o n e - h o u r  i n t e r t r i a l  i n t e r v a l s ,  t h r e e  t r i a l s  pe r  da y ,  f o r  11 d a y s .  
L e u p e p t i n  s i g n i f i c a n t l y  i m p a i r e d  r a t s '  a c q u i s i t i o n  o f  t h i s  t a s k .  
E x p e r i m e n t  Two as se ss ed  r a t s '  p e r f o r m a n c e  i n  a w i n - s t a y  o r  a w i n - s h i f t  
a v o i d a n c e  t a s k ,  and i t  was f o u n d  t h a t  r a t s  i n  t h e  w i n - s h i f t  g r o u p  
l e a r n e d  t h e  t a s k  more e f f i c i e n t l y .  T h i s  w i n - s h i f t  a v o i d a n c e  t a s k  was 
t h e n  used i n  E x p e r i m e n t  Th ree  t o  a s s e s s  t h e  t e m p o r a l  de pe nd en ce  o f  
l e u p e p t i n ' s  b e h a v i o r a l  e f f e c t s  by  i n t r o d u c i n g  a d e l a y  o f  1 m i n ,  15 m i n ,  
o r  30 m in  b e t w e e n  t h e  i n f o r m a t i o n  and c h o i c e  t r i a l s .  L e u p e p t i n  i m p a i r e d  
c h o i c e  p e r f o r m a n c e  a t  t h e  30 m i n  d e l a y  o n l y .  I n  a d d i t i o n ,  l e u p e p t i n  
s i g n i f i c a n t l y  i m p a i r e d  p r e v i o u s l y - a c q u i r e d  a v o i d a n c e  r e s p o n d i n g .
Because a t i m e - d e p e n d e n t  memory d e f i c i t  was o b s e r v e d ,  t h e s e  d a t a  a r e  
c o n s i d e r e d  t o  be c o n s i s t e n t  w i t h  t h e  b i o l o g i c a l  model  o f  memory 
f o r m a t i o n  ad v a n c e d  by Lynch & B a u d r y  ( 1 9 8 4 ) ,  ho we ve r  no a d e q u a t e  
e x p l a n a t i o n  o f  l e u p e p t i n ' s  d e l e t e r i o u s  e f f e c t s  on  p r e v i o u s l y  a c q u i r e d  
r e s p o n d i n g  p r e s e n t l y  e x i s t s .
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The n e u r a l  b a s i s  o f  l e a r n i n g  and memory has p r o v e n  t o  be among t h e  
m os t  p r o f o u n d l y  i n t e r e s t i n g  and i n t r i n s i c a l l y  p r o b l e m a t i c  a re as  i n  
b e h a v i o r a l  n e u r o s c i e n c e .  S i n c e  the  t i m e  o f  D e s c a r t e s ,  p h y s i o l o g i s t s  
have  o f f e r e d  a p l e t h o r a  o f  t h e o r e t i c a l  n e u r a l  models  o f  t h e  a c q i s i t i o n  
and s t o r a g e  o f  i n f o r m a t i o n .  Most  n o t a b l y ,  t h e  R u s s i a n  p h y s i o l o g i s t  
Sechenov  ( 1 8 63 /1 96 5 )  o f f e r e d  a t h e o r e t i c a l  a c c o u n t  o f  n e u r a l  
" c h a n g e a b i l i t y "  ( p .  72) by w h i c h  m em o r ie s  and s e n s a t i o n s  were
" . . . p r e s e r v e d  i n  a l a t e n t  s t a t e  by t h e  n e r v o u s  a p p a r a t u s "  (p.  71) • A
s i m i l a r  c o n c e p t  o f  s e l e c t i v e  s t r e n g t h e n i n g  o f  s y n a p t i c  t r a n s m i s s i o n  was 
ad v an ced  by Hebb (19^*9) i n  h i s  c o n n e c t i o n i s t i c  t h e o r y  o f  l e a r n i n g  and 
memory .  A l t h o u g h  t h e  c e l l u l a r  m a c h in e r y  o f  more r e c e n t  t h e o r e t i c a l  
a c c o u n t s  o f  t h e  n e u r a l  b a s i s  o f  l e a r n i n g  and  memory ha s  changed 
s i g n i f i c a n t l y ,  t h i s  n o t i o n  o f  neu ra l  c h a n g e a b i l i t y ,  o r  p l a s t i c i t y ,  has  
e n d u r e d .
B e f o r e  any m e c h a n i s t i c ,  n e u r o b i o l o g i c a l  a c c o u n t  o f  memory f o r m a t i o n  
c a n  be ad v a n c e d ,  t h e  c r i t i c a l  b r a i n  s t r u c t u r e s  o r  s y s t e m s  i n v o l v e d  mus t  
be  i d e n t i f i e d .  An e x h a u s t i v e  sea rch  f o r  a  c o r t i c a l  l o c u s  o f  such a 
mechan i sm l e d  Lash l e y  (19 50 /1 96 0 )  t o  c o n c l u d e  t h a t  h i s  e x p e r i m e n t s  " . . .  
y i e l d e d  a good b i t  o f  i n f o r m a t i o n  a b o u t  w h a t  and w h e r e  t h e  memory t r a c e  
i s  n o t "  ( p .  5 0 0 ) .  I n d e e d ,  u n t i l  r e c e n t l y ,  even t h e  a n a t o m i c a l  l o c u s  o f
a p o t e n t i a l  memory mechan i sm has r e m a in e d  e l u s i v e .  T h e  h i pp oca mp a l  
f o r m a t i o n  f i r s t  became a c a n d i d a t e  a n a t o m i c a l  l o c u s  i m p o r t a n t  t o  memory 
p r o c e s s e s  f o l l o w i n g  d o c u m e n t a t i o n  o f  t h e  am n es i c  e f f e c t s  o f  m e d ia l  
t e m p o r a l  l o b e  r e s e c t i o n  i n  t h e  e p i l e p t i c  HM ( S c o v i l l e  6 M i l n e r ,  1 9 5 7 ) .
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A l t h o u g h  t he  r e s e c t i o n  i n c lu d e d  s t r u c t u r e s  i n  a d d i t i o n  t o  t h e  
h i p p o c a m p u s ,  i n c l u d i n g  t h e  amygda la ,  u n c u s ,  and h ip p o c a m p a l  g y r u s ,  
S c o v i l l e  6 M i l n e r  (1957)  and M i l n e r  (1 9 7 M  have p r o d u c e d  s e v e r a l  l i n e s  
o f  e v i d e n c e  i n d i c a t i n g  t h a t  t he  h i pp ocampec tomy  i s  l a r g e l y  r e s p o n s i b l e  
f o r  HM 's  memory i m p a i r m e n t .  I ndeed ,  t h e r e  ap p e a r s  t o  be m o u n t i n g ,  
c o n v e r g i n g  e v i d e n c e  i m p l i c a t i n g  t h e  h ippoc amp us  i n  memory p r o c e s s e s .  I n  
humans ,  t h e  h i pp oca m pu s  appears  t o  be mos t  a c t i v e  when s u b j e c t s  answer  
q u e s t i o n s  r e q u i r i n g  r e c e n t  memory ( H a l g r e n ,  E n g e l ,  W i l s o n ,  W a l t e r ,  
S q u i r e s ,  £ C r a n d a l l ,  19 83 ) .  F u r t h e r ,  t h e  e x t e n t  o f  h i p p o c a m p a l  damage 
i n c u r r e d  d u r i n g  s u r g e r y  i s  c o r r e l a t e d  w i t h  t h e  s e v e r i t y  o f  i n du ced  
memory d e f i c i t s  ( M i l n e r ,  1971* ) .  I n  monk eys ,  c o n j o i n t  l e s i o n s  t o  t h e  
a m y g d a la  and h i p p oc am p us  have been shown t o  p r o d u c e  a m n e s i c  e f f e c t s  
(Mahu t  £ Cordeau,  19&3 ;  M i s h k i n ,  1 9 7 8 ) .  An e x a m i n a t i o n  o f  t h e  r e l a t i v e  
e f f e c t s  o f  a m y g d a l o - h i  ppocampal  l e s i o n s  and l e s i o n s  t o  t h e  h ippocampus  
a l o n e  s u g g e s t  f u r t h e r  a c r i t i c a l  r o l e  o f  t h e  h i pp oca m pu s  i n  p r i m a t e  
memory f o r m a t i o n  ( M a h u t ,  1970  • The o b s e r v e d  memory d e f i c i t s  f o l l o w i n g  
h i p p o c a m p a l  l e s i o n s  i n  monkeys a r e  m o s t  p ro no un ce d  i n ,  b u t  n o t  l i m i t e d  
t o ,  t a s k s  r e q u i r i n g  s p a t i a l  memory ( M ah u t ,  1 9 7 0 -  A l t h o u g h  h i p p oc am p a l  
l e s i o n s  have no e f f e c t  on monkeys '  p a t t e r n  d i s c r i m i n a t i o n  a b i l i t y ,  t h e y  
do s i g n i ' f i c a n t l y  i m p a i r  de la ye d  n o n m a t c h i n g - t o - s a m p l e  p e r f o r m a n c e  
( Z o l a - M o r g a n  & S q u i r e ,  1986) .
T h e  h ippocampus i s  a l s o  s t r o n g l y  i m p l i c a t e d  i n  n o n p r i m a t e  memory.  
E l e c t r i c a l  s t i m u l a t i o n  o f  t he  h ip p oc am p us  has been  shown t o  d i s r u p t  
l e a r n i n g  and memory i n  r a t s  ( B i e r l y ,  K e s n e r ,  £ Nov ak ,  1983 ;  K n o w l t o n ,  
McGowan,  O l t o n ,  £ Gamzu,  1985; M a k i ,  1985:  McNaugh ton ,  B a r n e s ,  Rao,  
B a l d w i n ,  £ Rasmussen,  1986) .  S i n g l e  and m u l t i p l e  u n i t  r e c o r d i n g s  o f
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h i p p o c a m p a l  c e l l s  d u r i n g  c l a s s i c a l  c o n d i t i o n i n g  ( B e r g e r  £ Thompson,
1978 ;  H o e h l e r  £ Thompson ,  I 9 8 O) f u r t h e r  i m p l i c a t e  t h i s  s t r u c t u r e  i n  
memory .  By f a r ,  t h e  b u l k  o f  e v i d e n c e  i m p l i c a t i n g  t h e  h i pp oca m pu s  i n  
n o n p r i m a t e  memory comes f r o m  s t u d i e s  a s s e s s i n g  b e h a v i o r a l  im p a i r m e n t s  i n  
m e m o r y - r e l a t e d  t a s k s  f o l l o w i n g  h i pp ocampa l  l e s i o n s  i n  t h e  r a t .  A l t h o u g h  
t h e r e  i s  c o n s i d e r a b l e  c o n t r o v e r s y  c o n c e r n i n g  t h e  ' t y p e s '  o f  memory i n  
w h i c h  t h e  h ippoc amp us  i s  i m p l i c a t e d  ( M i s h k i n . M a l a m u t , & B e c h e v a l i e r ,
1981*;  O s c a r - B e r m a n ,  1 9 7 9 ) .  h i ppocampa l  l e s i o n s  c l e a r l y  h a v e  a p r o f o u n d ,  
d e l e t e r i o u s  e f f e c t  on s p a t i a l  memory i n  r a t s  ( B ec ke r ,  W a l k e r ,  £ O l t o n ,  
1 9 8 0 ; J a c k s o n  6 S t r o n g ,  19&9:  J a r r a r d ,  1980 ;  J a r r a r d  £ E l m e s ,  1982;
Na de l  £ MacDona ld ,  19 8 0 ; O l t o n ,  B eck e r ,  £ Handelmann ,  1979 ;  Thomas, 
B r i t o ,  S t e i n ,  £ B e r k o ,  19 8 2 ) .
T h r o u g h  a s e r i e s  o f  r a d i a l  arm maze s t u d i e s ,  O l t o n  e t  a l  . (1979)
d e m o n s t r a t e d  c o n v i n c i n g l y  t h a t  h i pp oca mp a l  l e s i o n s  d i s r u p t  r a t s '  memory 
f o r  p l a c e s  v i s i t e d .  I n  a t y p i c a l  e x p e r i m e n t ,  r a t s  a r e  p l a c e d  
i n d i v i d u a l l y  i n  a c e n t r a l  co m p ar t m en t ,  r a d i a t i n g  f r o m  w h i c h  a r e  e i g h t  
a rms  w i t h  a f o o d  p e l l e t  a t  t h e  end o f  e a c h .  The o p t i m a l  s t r a t e g y  i n  
t h i s  t a s k  i s  t o  v i s i t  each arm o n l y  once and consume t h e  r e  i n f o r c e r .  An 
e r r o r  i s  s c o r e d  i f  t h e  s u b j e c t  e n t e r s  a p r e v i o u s l y  e n t e r e d  arm w i t h i n  a 
s e s s i o n .  R a ts  l e a r n  r a p i d l y  n o t  t o  e n t e r  p r e v i o u s l y  v i s i t e d  arms,  
u s u a l l y  i n  2 0 - 3 0  s e s s i o n s .  F o l l o w i n g  a c q u i s i t i o n  o f  t h i s  t a s k ,  a d e l a y  
i s  t y p i c a l l y  imposed b e t w e e n  t h e  f o u r t h  and f i f t h  arm c h o i c e s .  A f t e r  
t h i s  d e l a y ,  t h e  s u b j e c t  i s  a g a i n  p l a c e d  i n  t h e  c e n t r a l  c o m p a r t m e n t ,  and 
a l l o w e d  t o  c ho ose  as  many arms as needed t o  r e t r i e v e  t h e  r e m a i n i n g  f o o d  
p e l l e t s .  U n o p e r a t e d  r a t s  p e r f o r m  w e l l  i n  t h i s  t a s k ,  m a k i n g  few e r r o r s  
a f t e r  d e l a y s  as l o n g  as  f o u r  h o u r s  ( M i z u m o r i ,  R o s e n z w e i g ,  £ Ben ne t ,
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1985) ,  o r  i n  c o n d i t i o n s  i n  w h i c h  t h e y  a r e  f o r c e d  t o  s o l v e  a se c o nd  
r a d i a l  a rm  maze d u r i n g  t h e  d e l a y  be twe en  t he  f o u r t h  and f i f t h  arm 
c h o i c e s  ( M a k i ,  B r o k o f s k y ,  6 Be rg ,  19 79 ) -  H i p p o c a m p a i I y  l e s i o n e d  r a t s ,  
on t h e  o t h e r  hand,  p e r f o r i n  p o o r l y  i n  t h i s  t a s k ,  r e e n t e r i n g  a rms  t h a t  
we re  c h o s e n  p r i o r  t o  t h e  imposed d e l a y  (Kesn e r ,  1 9 85 ) -  The r e s u l t s  o f  a 
number o f  c o n t r o l  e x p e r i m e n t s  i n d i c a t e  t h a t  r a t s  s o l v e  t h i s  maze u s i n g  
e x t r a m a z e  s p a t i a l  cues { O l t o n  e t  a l . ,  1979) -  T hus  i t  a p p e a r s  t h a t  
l e s i o n s  t o  t h e  h ip p oc am p us  d i s r u p t  s p a t i a l  memory.  The po o r  p e r f o r m a n c e  
o f  h i p p o c a m p a l  1y l e s i o n e d  r a t s  i n  s p a t i a l  a l t e r n a t i o n  t a s k s  s u p p o r t s  
t h i s  c o n c l u s i o n  ( D o u g l a s ,  1975;  J o h n s o n ,  O l t o n ,  Gage,  6 J e n k o ,  19 77 ) -
D i s r u p t i v e  e f f e c t s  o f  h i pp oc am p a l  l e s i o n s  a r e  a l s o  o b s e r v e d  i n  
one -way  a c t i v e  and p a s s i v e  a v o i d a n c e  t a s k s .  A v o i d a n c e  t a s k s  t y p i c a l l y  
t a k e  a d v a n t a g e  o f  r a t s '  t e n d e n c y  t o  p r e f e r  d a r k  p l a c e s  t o  l i g h t e d  on es .  
The a p p a r a t u s  n o r m a l l y  u s e d  in on e -w a y  a v o i d a n c e  t a s k s  c o n s i s t s  o f  two 
c h a m b e r s ,  one  l i g h t e d  a n d  t h e  o t h e r  d a r k ,  s e p a r a t e d  by a g u i l l o t i n e  
d o o r .  I n  a c t i v e  a v o i d a n c e ,  t h e  r a t  i s  p l a c e d  i n  t h e  d a r k  c h a m b e r ,  and 
a f t e r  a s h o r t  d e l a y , a  t o n e  i s  sounded (CS) and t h e  g u i l l o t i n e  d o o r  i s  
r a i s e d .  A f t e r  a s p e c i f i e d  l e n g t h  o f  t i m e ,  u s u a l l y  10 s e c ,  t h e  f l o o r  o f  
t he  d a r k  chamber  i s  e l e c t r i f i e d  (US) ,  and t h e  l a t e n c y  t o  e n t e r  t h e  
l i g h t e d  chamber  i s  r e c o r d e d .  No rmal  r a t s  l e a r n  t h i s  t a s k  r a p i d l y ,  
a v o i d i n g  t h e  shock by e n t e r i n g  t h e  l i g h t e d  c o m p a r t m e n t  w i t h i n  t h e  10 sec 
CS-US i n t e r v a l .  A n i m a l s  w i t h  h ip p oc am p a l  l e s i o n s  a r e  i m p a i r e d  i n  b o t h  
t h e  a c q u i s i t i o n  and r e t e n t i o n  o f  t h i s  t a s k  ( L i s s ,  1968;  MeNew &
Thompson ,  1966; O l t o n  & I s a a c s o n ,  1988a ,  1988b ;  R i c h  & Thompson ,  1985) *
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P a s s i v e  a v o i d a n c e  t a s k s  em p lo y  a s i m i l a r  a p p a r a t u s ,  b u t  t h e  r a t s  
are i n i t i a l l y  p l a c e d  i n  t h e  l i g h t e d  c o m p a r t m e n t .  T h i s  t a s k  i s  r e f e r r e d  
to  as ' p a s s i v e '  b e c a u s e ,  t o  a v o i d  s h o c k ,  t h e  r a t  must  r e m a i n  i n  t h e  
l i g h t e d  c o m p a r t m e n t .  A g a in ,  u n o p e r a t e d  c o n t r o l s  l e a r n  t h i s  t a s k  
r a p i d l y ,  w h i l e  h i p p o c a m p a 1 I y  l e s i o n e d  r a t s  r e q u i r e  many m ore  t r i a l s  t o  
l e a r n  t o  a v o i d  t h e  sh o ck  (McNew & Thompson,  1986 ;  O l t o n  £ I s a a c s o n ,
1968b) .
W h i l e  l e s i o n s  t o  t h e  h i pp oca mp us  d i s r u p t  p a s s i v e ,  and on e -w ay  
a c t i v e  a v o i d a n c e ,  t h e y  f a c i l i t a t e  t h e  l e a r n i n g  o f  two-way a v o i d a n c e  
t a s k s  ( I s a a c s o n ,  D o u g l a s ,  £ M oo re ,  I 9 6 I ;  O l t o n  & I s a a c s o n ,  1968a,
1968 b ) .  Two-way a v o i d a n c e  t a s k s  emp loy  a tw o  com par tmen t  a p p a r a t u s ,  b u t
the t w o  c o m p a r t m e n ts  a r e  s i m i l a r l y  l i t .  I n  a t a s k  o f  t h i s  t y p e ,  t h e  r a t
i s  p l a c e d  i n  one o f  t h e  c o m p a r t m e n t s ,  a t o n e  i s  sounded ,  and t h e  
g u i l l o t i n e  doo r  i s  r a i s e d .  A f t e r  a s h o r t  d e l a y ,  t h e  f l o o r  o f  t h e  
c o m p a r t m e n t  i n  w h i c h  t h e  r a t  was p l a c e d  i s  e l e c t r i f i e d .  The l a t e n c y  t o  
e n t e r  t h e  o t h e r  c o m p a r t m e n t  i s  r e c o r d e d ,  and t h e  r a t  i s  c o n f i n e d  i n  t h e  
' s a f e '  c o m p a r t m e n t .  A f t e r  a s p e c i f i e d  i n t e r t r i a l  i n t e r v a l ,  t h e  t o n e  i s  
a g a i n  sound ed  and t h e  d o o r  r a i s e d .  The r a t  m us t  now e n t e r  t h e  
p r e v i o u s l y  shocked  c o m p a r t m e n t  w i t h i n  t h e  CS-US i n t e r v a l  t o  a v o i d  t h e  
s h o c k .  H i p p o c a m p a l l y  l e s i o n e d  r a t s  r e q u i r e  f e w e r  t r i a l s  t o  l e a r n  t h i s  
t a s k  t h a n  u n o p e r a t e d  c o n t r o l s  ( O l t o n  & I s a a c s o n ,  1988a ,  1 9 6 8 b ) .
I t  c an  be a r g u e d  t h a t  r a t s  s o l v e  on e - w ay  a c t i v e  and p a s s i v e  and
t w o- w ay  a v o id a n c e  t a s k s  i n  much t h e  same way as t h e y  do r a d i a l  maze
t a s k s ,  t h a t  i s ,  by  u t i l i z i n g  s p a t i a l  cues ( B l a c k ,  Na de l ,  & O ' K e e f e .
1977;  O l t o n ,  1973;  O l t o n  & I s a a c s o n ,  1968a ) .  I n  t h e  o n e - w a y  t a s k s ,  
no rma l  r a t s  w o u ld  h a v e  t h e  a d v a n t a g e  o f  u s i n g  s p a t i a l  c u e s  t o  d e t e r m i n e
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w h ic h  c o m p a r t m e n t  t o  a v o i d .  H ipp oc amp a 1 I y  l e s i o n e d  r a t s ,  on t h e  o t h e r  
hand,  may be i m p a i r e d  i n  a s s o c i a t i n g  s h o c k  w i t h  t he  l o c a t i o n  o f  t h a t  
sho ck .  Beca use  o f  t h e i r  i n a b i l i t y  t o  a s s o c i a t e  shock w i t h  i t s  l o c a t i o n ,  
h ipp oca mp a l  r a t s  may t h e n  more  r e a d i l y  e n t e r  t h e  d a r k ,  shocked  
comp ar tm en t  i n  p a s s i v e  a v o i d a n c e  t a s k s ,  and s i m i l a r l y  w o u ld  be more a p t  
t o  r e m a in  i n  t h e  d a r k ,  s h o c k e d  c o m p a r t m e n t  i n  a c t i v e  a v o i d a n c e  t a s k s .
W i t h  r e s p e c t  t o  two - wa y  a v o i d a n c e ,  u n o p e r a t e d  c o n t r o l s  p r e s u m a b ly  
remember on each t r i a l  t h a t  t he  c o m p a r t m e n t  i n t o  w h i c h  t h e y  mus t  es ca pe  
was,  on t h e  p r e v i o u s  t r i a l ,  t h e  c o m p a r t m e n t  i n  wh i ch  t h e y  we r e  s h o c k e d .  
T h i s  s p a t i a l  memory com pe te s  w i t h  c o n d i t i o n s  o f  t h e  c u r r e n t  t r i a l - .
Thus,  by v i r t u e  o f  b e i n g  i m p a i r e d  i n  s p a t i a l  memory, h i p p o c a m p a 11y 
l e s i o n e d  r a t s  p e r f o r m  b e t t e r  i n  two -w ay  a v o i d a n c e .
The h y p o t h e s i s  t h a t  h i pp oca m pa l  damage d i s r u p t s  s p a t i a l  memory,  and 
t h a t  t h e s e  a v o i d a n c e  t a s k s  a r e  e s s e n t i a l l y  s p a t i a l  t a s k s ,  p r e d i c t s  r a t s '  
p e r f o r m a n c e  i n  t h e  t h r e e  t y p e s  o f  a v o i d a n c e  t a s k s  d i s c u s s e d .
Hippocampa l  l e s i o n s  i m p a i r  one-way p a s s i v e  and a c t i v e  a v o i d a n c e  
a c q u i s i t i o n ,  and enha nce  tw o - w ay  a v o i d a n c e  a c q u i s i t i o n  ( O l t o n ,  1973:  
O l t o n  & I s a a c s o n ,  19&8a) . I n t e r e s t i n g l y ,  h i ppocampa l  l e s i o n s  f a c i l i t a t e  
t h e  a c q u i s i t i o n  o f  f r e e - o p e r a n t  a v o i d a n c e  p e r f o r m a n c e ,  p r e s u m a b ly  
because  o f  a  r ed uce d  t e n d e n c y  t o  f r e e z e  i n  t he  p r e s e n c e  o f  shock  (Duncan 
& Duncan,  1 9 7 0 ) .
Based on  t h e  e v i d e n c e  o u t l i n e d  a b o v e ,  i t  appe a rs  t h a t  t h e  
h i ppocampus  i s  i n  some way  i n v o l v e d  i n  some m e m o r y - r e l a t e d  b e h a v i o r  i n  
b o t h  a p p e t i t i v e l y  and a v c r s i v e l y  m o t i v a t e d  t a s k s .  A l t h o u g h  s t u d i e s  
e x a m in in g  t h e  e f f e c t  o f  t e l e n c e p h a l  i c  damage on memory have been u s e f u l  
i n  i d e n t i f y i n g  t h e  a n a t o m i c a l  l o cu s  o f  a p o s s i b l e  memory mechan i sm,  t h e y
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t e l )  us l i t t l e  a b o u t  t h e  p h y s i o l o g i c a l  mechan ism w h ic h  may be 
r e s p o n s i b l e  f o r  t h e  f o r m a t i o n  o f  memory.  F u r t h e r m o r e ,  w h i l e  l e s i o n s  
remove t he  a n a t o m i c a l  s t r u c t u r e  o f  i n t e r e s t ,  t h e y  a l s o  d i s r u p t  c o u n t l e s s  
i n t e r c o n n e c t i o n s  p a s s i n g  t h r o u g h  t h e  l e s i o n e d  a r e a .  To i d e n t i f y  t h e  
b i o l o g i c a l  mechan ism r e s p o n s i b l e  f o r  memory f o r m a t i o n ,  one needs a 
pa rad igm by  w h i c h  t h i s  mechan i sm can be m a n i p u l a t e d  w i t h o u t  d e s t r o y i n g  
o r  d i s r u p t i n g  e x i s t i n g  n e u r o n a l  p a t h w a y s .
Lynch t  Bau d ry  C198i+) o u t l i n e  s e v e r a l  c o n d i t i o n s  w h i c h  must  be 
s a t i s f i e d  by any  p l a u s i b l e ,  t e s t a b l e  b i o l o g i c a l  memory mechan i sm.  To be 
c o n s i d e r e d  ‘ p l a u s i b l e 1 , t h i s  mechan i sm must  meet  t h e  c o n d i t i o n s  imposed 
by t he  b e h a v i o r a l  p r o p e r t i e s  o f  memory.  F i r s t ,  t h i s  mechanism m u s t  be 
a c t i v a t e d  by b r i e f  p h y s i o l o g i c a l  e v e n t s .  Seco nd ,  t h i s  mechanism mus t  
p ro du ce  changes  i n  t h e  o p e r a t i n g  c h a r a c t e r i s t i c s  o f  n e u r o n a l  c i r c u i t r y .  
T h i r d ,  t h e s e  i n du ce d  ch a n g e s  mus t  l a s t  f o r  s u b s t a n t i a l  l e n g t h s  o f  t i m e .
Lynch & Ba u d r y  s u g g e s t  t h a t  l o n g - t e r m - p o t e n t i a t i o n  (LTP) ,  mee ts  t h e  
c o n d i t i o n s  d e s c r i b e d  a b o v e .  LTP r e f e r s  t o  t h e  phenomenon o f  
l o n g - l a s t i n g  enha nce men t  o f  e f f i c a c y  i n  s y n a p t i c  t r a n s m i s s i o n  f o l l o w i n g  
b r i e f  p e r i o d s  o f  i n t e n s e  f i r i n g .  LTP has been d e m o n s t r a t e d  i n  v i v o  
( B l i s s  & Lomo, 1973;  B l i s s  S G a r n e r - M e d w in ,  1971 . 1973) and j_n v i  t r o  i n  
h i pp oca mp a l  s l i c e s  ( S c h w a r t s k r o i n  t  W e s t e r ,  19712; A l g e r  & T e y l e r ,  1 9 7 6 ) .  
LTP i s  t y p i c a l l y  me a su re d  by r e c o r d i n g  h i p p o c a m p a l  p o p u l a t i o n  e x c i t a t o r y  
p o s t - s y n a p t i c  p o t e n t i a l s  f o l l o w i n g  e l e c t r i c a l  s t i m u l a t i o n  o f  t h e  
p e r f o r a n t  p a t h w a y ,  a m a j o r  s o u r c e  o f  a f f e r e n t s  t o  t h e  h i pp oca m pu s .  
A l t h o u g h  o b s e r v a t i o n s  o f  LTP have p r e v i o u s l y  been l i m i t e d  t o  t h e  
h i pp ocampa l  p a th w a y s  (McNaugh ton ,  1984) u s i n g  t h e  n e u r o t r a n s m i t t e r  
g l u t a m a t e  ( S t o r m - M a t h i e s e n ,  1 9 77 ) .  r e c e n t  e v i d e n c e  s u g g e s t s  t h a t
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c o r t i c a l  n e u r o ns  may a l s o  e x h i b i t  LTP (Roman, S t a u b l i ,  & Lynch,  i n  
p re ss )  .
Two f o r m s  o f  h i p p o c a m p a l  LTP, d i f f e r e n t i a t e d  by  t h e i r  h a l f - l i f e ,  
have been f o u n d  t o  e x i s t .  One t y p e ,  LT P1, decays  w i t h  a h a l f - l i f e  o f  
s e v e r a l  h o u r s ,  and a se c o n d  t y p e ,  LTP2 , dec ays  w i t h  a h a l f - l i f e  o f  
s e v e r a l  days  (Rac ine 6 At i I g ram,  1983;  R a c i n e ,  Me lg ra m,  £ H a f n e r ,  1983)  -
Lynch 6 Baudry 0 9 8 U )  and o t h e r s  (McNaughton,  1983) a rgue  t h a t ,  
because t h e  p r o p e r t i e s  o f  LTP2 so c l o s e l y  r es e m b l e  t h e  b e h a v i o r a l  
p r o p e r t i e s  o f  memory,  i t  may be t h e  p h y s i o l o g i c a l  s u b s t r a t e  o f  memory .  
I ndeed ,  LTP2 i s  i n du ced  by  b r i e f  p h y s i o l o g i c a l  e v e n t s  (Dunw idd ie  6 
Lynch ,  1 9 7 8 ) ,  i s  by  d e f i n i t i o n  a cha nge  i n  t h e  o p e r a t i n g  c h a r a c t e r i s t i c s  
o f  n e u r o n a l  c i r c u i t r y ,  and l a s t s  f o r  s u b s t a n t i a l  l e n g t h s  o f  t i m e .  LTP 
i s  a l s o  s t r e n g t h e n e d  by r e p e t i t i o n  ( B a r n e s ,  1979 ) .  and w i t h  r e p e t i t i o n  
can l a s t  i n d e f i n i t e l y  ( B l i s s  & Lomo, 1 9 7 3 ) .  two c h a r a c t e r i s t i c s  w h i c h  
f u r t h e r  r e s e m b le  t h e  b e h a v i o r a l  p r o p e r t i e s  o f  memory.  The b e h a v i o r a l  
consequ en ces  o f  d i s r u p t i n g  LTP i n d u c t i o n  s h o u l d  t h e n  be p r e d i c t a b l e :  an
im p a i r m e n t  o f  memory.
Bu t  w h a t  i s  t h e  l o c u s  o f  t h e  p h y s i o l o g i c a l  mec ha n i s m wh ich  a c c o u n t s  
f o r  LTP7 Lynch  6 Ba u d r y  a r g u e  t h a t ,  s i n c e  a l a r g e  s c a l e  m o d i f i c a t i o n  o f  
t h e  n u c l e u s  o r  axon o f  a n e u r o n  w o u ld  r e s u l t  i n  a ch a n g e  o f  c o u n t l e s s  
n e u r a l  i n t e r c o n n e c t i o n s ,  t h e  mechan ism m us t  be l o c a l i z e d  s y n a p t i c a l I y .
I t  i s  u n c l e a r ,  ho we ve r ,  w h e t h e r  t h e  b i o c h e m i c a l  m ec h an i s m  r e s u l t i n g  i n  
LTP i s  l o c a l i z e d  p r e -  o r  p o s t - s y n a p t i c a t l y  ( B l i s s  & D o l p h i n ,  1982,
I 98L ) . A p r e s y n a p t i c  m ec ha n i sm  r e f e r s  t o  one w h i c h  r e s u l t s  i n  an 
a f f e r e n t  f i b e r  r e l e a s i n g  m ore  n e u r o t r a n s m i t t e r  pe r  a c t i o n  p o t e n t i a l .  A
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p o s t s y n a p t i c  mechan ism r e f e r s  t o  one i n  w h i c h  the  same amoun t  o f  
n e u r o t r a n s m i t t e r  r e s u l t s  i n  a s i g n i f i c a n t l y  p o t e n t i a t e d  p o s t - s y n a p t i c  
r e s p o n s e .  D e t e r m i n i n g  w h e t h e r  LTP i s  t h e  r e s u l t  o f  p r e -  o r  
p o s t - s y n a p t i c  changes  i s  i m p o r t a n t  f o r  b e h a v i o r a l  t e s t s  o f  t he  
r e l a t i o n s h i p  be tween LTP and memory b e c a u s e  p h a r m a c o l o g i c a l  d i s r u p t i o n  
o f  LTP i n d u c t i o n  depends upon t h i s  k n o w l e d g e .
A c c o r d i n g  t o  F a r l e y  6 A l k o n  ( 1 9 8 5 ) .  t h e r e  a r e  f o u r  l i n e s  o f  
e v i d e n c e  i n d i c a t i n g  t h a t  LTP a r i s e s  f r o m  p o s t s y n a p t i c  c h a n g e s .  F i r s t ,  
as shown by D u n w i d d ie ,  M a d is o n ,  & Ly n c h  ( 19 78 ) ,  LTP i s  p r e v e n t e d  by 
b l o c k i n g  g l u t a m a t e  b i n d i n g  w i t h  AFB, a g l u t a m a t e  r e c e p t o r  a n t a g o n i s t .  
Se c o n d ,  m o r p h o l o g i c a l  changes  i n  p o s t s y n a p t i c  s p i n e  d e n s i t y  (Desmond & 
L e v y ,  1983 ) ,  shape (F i f  kova  & Van F t a r r e v e l d ,  1975) ,  and number (Lee,  
S c h o t t l e r ,  O l i v e r ,  & L y n c h ,  1980) o c c u r  f o l l o w i n g  LTP i n d u c t i o n .  T h i r d ,  
B a u d r y ,  O l i v e r ,  C r e a g e r ,  W i e r a s z k o ,  6 L y n c h  (198O) f o u n d  i n c r e a s e d  
g l u t a m a t e  b i n d i n g  f o l l o w i n g  LTP i n d u c t i o n ;  s t a t i s t i c a l  (S c a t ch a r d )  
a n a l y s e s  i n d i c a t e d  t h a t  t h i s  e f f e c t  was d u e  t o  an i n c r e a s e  i n  t h e  number  
o f  r e c e p t o r s ,  n o t  i n  t h e  a f f i n i t y  o f  t h o s e  r e c e p t o r s .  F i n a l l y ,  
i n t r a c e l l u l a r  i n j e c t i o n  o f  t h e  c a l c i u m  c h e l a t o r  EGTA p r e v e n t e d  LTP i n  
t h e  i n j e c t e d  p o s t s y n a p t i c  n e u r o n ,  b u t  n o t  i n  s u r r o u n d i n g  neurons  ( L y n c h ,  
L a r s o n ,  K e l s o ,  B a r r i o n u e v o ,  & S c h o t t l e r ,  1983) .  Based o n  t h i s  e v i d e n c e ,  
on e  s h o u l d  o b s e r v e  b e h a v i o r a l  c o n s e q u e n c e s  o f  i n t e r f e r i n g  w i t h  
p o s t - s y n a p t i c  b i o c h e m i c a l  e v e n t s .  S p e c i f i c a l l y ,  by  n e g a t i n g  t h e  
i n d u c t i o n  o f  LTP t h r o u g h  b i o c h e m i c a l  m a n i p u l a t i o n s  d e s i g n e d  t o  a l t e r  
p o s t - s y n a p t i c  e v e n t s ,  one  s h o u l d  o b s e r v e  memory i m p a i r m e n t s .
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In o r d e r  t o  d e t e r m i n e  t h e  t r i g g e r  f o r  LTP and  t h e  a s s o c i a t e d  
i nc rea se  i n  g l u t a m a t e  r e c e p t o r  number and g l u t m a t e  b i n d i n g ,  n e u ro n s  wer e  
bathed i n  v a r i o u s  c a l c i u m  c o n c e n t r a t i o n s .  I n  a l o w  c a l c i u m  medium,  t h e  
p o t e n t i a t i o n  e f f e c t  ( D u n w i d d i e  £ L y n c h ,  1979) and t h e  i n c r e a s e d  number 
o f  r e c e p t o r s  (Lynch,  H a l p a i n ,  £ B a u d r y ,  1982) w e r e  g r e a t l y  r e d u c e d ,  
s u g g e s t i n g  t h a t  t hese e f f e c t s  a r e  c a l c i u m  d e p e n d e n t .  The 
c a l c i u m - d e p e n d e n t  e f f e c t s  on g l u t a m a t e  b i n d i n g  a r e  most  p r o n o u n c e d  i n  
t h e  h i p p o c a m p u s ,  and a r e  g r e a t l y  r e d u c e d  o r  a b s e n t  i n  t h e  b r a i n s t e m  
(Baudry £ L y n c h ,  1 g80) . F u r t h e r ,  t h i s  c a l c i u m - d e p e n d e n t  i n c r e a s e  i n  
g l u t a m a te  b i n d i n g  ap pe a rs  t o  be t e m p o r a l l y  d e p e n d e n t ,  w i t h  a h a l f  
maximal  e f f e c t  between 1 - 2  min f o l l o w i n g  e x p o s u r e  t o  c a l c i u m ,  and 
maximal  e f f e c t s  between 10—15 min f o l l o w i n g  e x p o s u r e  ( B a u d r y ,  K ra m er ,  £ 
Lynch,  1983)  - Because t h e s e  c a l c i u m - d e p e n d e n t  e f f e c t s  w e r e  
t e m p e r a t u r e - s e n s i t i v e ,  and because enzymes c a u s e  t h e  i r r e v e r s i b l e ,  
l o n g - l a s t i n g  c l e avage  o f  p e p t i d e  b o n d s ,  Lynch £ Ba u d r y  h y p o t h e s i z e d  t h a t  
an enzyme w a s  i n v o l v e d  i n  t h e  f o r m a t i o n  o f  new r e c e p t o r s .  The y  t e s t e d  
the e f f e c t s  o f  p r o t e i n a s e  i n h i b i t o r s ,  among them l e u p e p t i n ,  and f o u n d  
t h a t  i n h i b i t i o n  o f  i n t r a c e l l u l a r  enzymes  b l o c k e d  t h e  i n c r e a s e d  b i n d i n g  
o f  g l u t a m a t e  (Baudry,  Bundman,  S m i t h ,  £ Lyn ch ,  1 9 8 1 ) .
F o d r i n  i s  a p r o t e i n  known t o  l i n e  t h e  i n n e r  f a c e  o f  n e u r o n a l  
membranes a n d  i t  i s  c o n c e n t r a t e d  p o s t s y n a p t i c a l l y  ( C a r l i n ,  B a r t e l t ,  £ 
S i e k e v i t z ,  1 9 8 3 ) .  F o d r i n  i s  d e g r a d e d  by t h e  c a l c i u m - d e p e n d e n t  
p r o t e i n a s e  c a l p a i n  ( M u r a c h i ,  1983) ,  w h i c h  has a h i g h  a f f i n i t y  f o r  f o d r i n  
(Zimmerman £ S c h l a e p f e r ,  1982) .  F u r t h e r ,  f o d r i n  has  been i m p l i c a t e d  i n  
t he  r e g u l a t i o n  o f  g l u t a m a t e  r e c e p t o r  number ( B a u d r y  £ L y n c h ,  1981*).  i n  
su pp o r t  o f  t h i s  r e g u l a t o r y  r o l e  o f  f o d r i n ,  S im a n ,  B au d r y ,  £ Lyn ch  (198 5)
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fou nd  t h a t  b l o c k i n g  t h e  c a 1 p a i n - i n d u c e d  f o d r i n  d e g r a d a t i o n  w i t h  f o d r i n  
a n t i b o d i e s  a l s o  b l o c k s  c a l c i u m - d e p e n d e n t  i n c r e a s e s  i n  g l u t a m a t e  r e c e p t o r  
b i nd i ng .
Based  on the  p h y s i o l o g i c a l  f i n d i n g s  d e s c r i b e d  ab o ve ,  Ly n ch  & Baudry 
(198k) p u t  f o r t h  a s p e c i f i c  t h e o r y  r e g a r d i n g  t h e  n e u r o b i o l o g y  o f  memory.  
They s u g g e s t  t h a t ,  d u r i n g  p e r i o d s  o f  h i g h  f r e q u e n c y  a c t i v i t y ,  
i n t r a c e l l u l a r  c a l c i u m  c o n c e n t r a t i o n s  i n c r e a s e .  T h i s  i n c r e a s e  i n  
i n t r a c e l l u l a r  c a l c i u m  a c t i v a t e s  t h e  d e g r a d i n g  enzyme c a l p a i n ,  w h i c h  
d e g r a d e s  a l o c a l i z e d  p o r t i o n  o f  t h e  f o d r i n  n e t w o r k .  T h i s  d e g r a d a t i o n  
r e s u l t s  i n  a s t r u c t u r a l  change i n  t h e  p o s t s y n a p t i c  membrane:  t h e
u n c o v e r i n g  o f  p r e v i o u s l y  l a t e n t  g l u t a m a t e  r e c e p t o r s .  An i n c r e a s e  i n  t h e  
number o f  r e c e p t o r s  t h e n  i n c r e a s e s  t h e  s i z e  o f  t h e  p o s t s y n a p t i c  r es po ns e  
t o  t h i s  n e u r o t r a n s m i t t e r ,  w h i c h  i n  t u r n  r e s u l t s  i n  LTP . LTP,  t h e n ,  i s  
p o s t u l a t e d  t o  be t h e  p h y s i o l o g i c a l  c o r r e l a t e  o f  memory .
T h i s  t h e o r y  g e n e r a t e s  s e v e r a l  t e s t a b l e  h y p o t h e s e s .  F i r s t ,  LTP 
i n d u c t i o n  s h o u l d  r e s u l t  i n  an i n c r e a s e  i n  g l u t a m a t e  b i n d i n g  and be 
ac c o m pa n i e d  by d e n d r i t i c  m o r p h o l o g i c a l  c ha ng es .  Second ,  memory 
f o r m a t i o n  s h o u l d  be ac c o m p a n ie d  by  b o t h  an i n c r e a s e  i n  g l u t a m a t e  b i n d i n g  
and an i n d u c t i o n  o f  LTP.  T h i r d ,  p h a r m a c o l o g i c a l  m a n i p u l a t i o n s  
i n h i b i t i n g  t h e  c a t c i u m - c a l p a i n  i n t e r a c t i o n  s h o u l d  b l o c k  LTP i n d u c t i o n ,  
i n c r e a s e d  g l u t a m a t e  b i n d i n g ,  and t h o s e  fo rms o f  memory d e p e n d e n t  on 
b r a i n  r e g i o n s  u t i l i z i n g  t h i s  me chan i sm ( i . e .  t h e  h i p p o c a m p u s ) .
F i n a l l y ,  t h e  b e h a v i o r a l  e f f e c t  o f  c a l p a i n  i n h i b i t o r s  s h o u l d  be  
t e m p o r a l l y  d e p e n d e n t ,  w i t h  a t i m e  c o u r s e  r e f l e c t i n g  t h e  t e m p o r a l  c o u r s e  
o f  c a l c i u m ' s  e f f e c t  on  i n c r e a s e d  g l u t a m a t e  r e c e p t o r s .
Page 12
W i t h  r e s p e c t  t o  t h e  f i r s t  o f  t h e s e  p r e d i c t i o n s ,  i n d u c t i o n  o f  LTP 
was shown t o  p r o d u c e  an i n c r e a s e  i n  g l u t a m a t e  b i n d i n g  due  t o  an i n c r e a s e  
i n  t h e  number o f  r e c e p t o r s  (Baud ry  e t  a l . ,  I 98O; Lee e t  a l . ,  1980) ,  as 
w e l l  as  a cha nge  i n  b o t h  t h e  shape ( F i f k o v a  6 H a r r e v e l d ,  1975) and 
d e n s i t y  (Desmond 6 . Levy ,  1983) o f  d e n d r i t i c  s p i n e s .
S u p p o r t  f o r  t h e  second  o f  t h e s e  p r e d i c t i o n s  came f r o m  Mamounas, 
Thompson ,  Lyn c h ,  & Baud ry  ( 198k ) ,  who f o u n d  an i n c r e a s e  i n  h i p p oc am p a l  
g l u t a m a t e  r e c e p t o r  b i n d i n g  a f t e r  c l a s s i c a l l y  c o n d i t i o n i n g  t h e  e y e b i i n k  
r e s p o n s e  i n  r a b b i t s .  F u r t h e r ,  t h e  a m p l i t u d e  o f  i nduced  LTP has been 
shown t o  c o r r e l a t e  s t r o n g l y  w i t h  t he  speed  o f  complex maze l e a r n i n g  
(B a r n e s ,  1979) and w i t h  memory f o r m a t i o n  i n  an o l f a c t o r y  l e a r n i n g  s e t  
p a r a d i g m  (Roman, S t a u b l i , 6 Ly n ch ,  i n  p r e s s )  i n  r a t s .
F i n a l l y ,  p h a r m a c o l o g i c a l  m a n i p u l a t i o n s  i n h i b i t i n g  t h e  
c a l c i u m - c a l p a i n  i n t e r a c t i o n  s h o u l d  b l o c k  LTP i n d u c t i o n ,  i n c r e a s e d  
g l u t a m a t e  b i n d i n g ,  and t h o s e  fo r m s  o f  memory de penden t  on  b r a i n  r e g i o n s  
u t i l i z i n g  t h i s  mec ha n i s m.  I n  s u p p o r t  o f  t h e  f i r s t  o f  t h e s e ,  
i n t r a c e l l u l a r  i n j e c t i o n  o f  t h e  c a l c i u m  c h e l a t o r  EGTA has  been shown t o  
b l o c k  LTP i n d u c t i o n  (Ly n c h ,  L a r s o n ,  K e l s o ,  B a r r i o n u e v o ,  & S c h o t t l e r ,  
1 9 8 3 ) .  F u r t h e r ,  i n t r a c e r e b r o v e n t r i c u l a r  i n f u s i o n  o f  l e u p e p t i n ,  a 
p r o t e i n a s e  ( c a l p a i n )  i n h i b i t o r ,  has been  shown t o  i m p a i r  memory r e l a t e d  
b e h a v i o r  i n  an  o l f a c t o r y  l e a r n i n g  s e t  t a s k  ( S t a u b l i ,  B a u d r y ,  £ Lyn c h ,  
1985) ,  and p e r h a p s  more ge rmane  t o  t h e  p r e s e n t  s t u d i e s ,  i n  a r a d i a l  arm 
maze t a s k  ( S t a u b l i  , B a u d r y ,  & Lynch ,  I 98 U ) .
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A f t e r  a c q u i s i t i o n  o f  t h e  r a d i a l  arm maze t a s k ,  S t a u b l i  e t  a l .
( i g 8k) im p l a n t e d  s u b c u t a n e o u s  o s m o t i c  m in ip u m p s  w h i c h ,  t h r o u g h  a c a n n u l a  
i m p l a n t e d  i n t o  t h e  l a t e r a l  v e n t r i c l e ,  i n f u s e d  l e u p e p t i n  c o n t i n u o u s l y  f o r  
1A d a y s .  They f o u n d  t h a t  l e u p e p t i n  s e v e r e l y  i m p a i r e d  r a d i a l  arm maze 
p e r f o r m a n c e .  T h a t  i s ,  t h e i r  e x p e r i m e n t a l  s u b j e c t s  made many more e r r o r s  
t h a n  d i d  c o n t r o l s  a f t e r  d e l a y s  w e r e  imposed be t w e e n  t h e  f o u r t h  and f i f t h  
arm c h o i c e s ,  e f f e c t s  c o n s i s t e n t  w i t h  t h o s e  f o u n d  a f t e r  l e s i o n s  t o  t h e  
h i ppocampus .
In an a t t e m p t  t o  i n v e s t i g a t e  t h e  r o l e  o f  t h i s  mechan ism in  memory 
f o r  av o id a n c e  c o n t i n g e n c i e s ,  S t a u b l i  e t  a l .  ( 1981*) im p l a n t e d  one g r o u p  
o f  r a t s  w i t h  pumps c o n t a i n i n g  l e u p e p t i n ,  and a n o t h e r  g r o u p  w i t h  pumps 
c o n t a i n i n g  i s o t o n i c  s a l i n e .  F o l l o w i n g  two  d a y s '  p o s t - o p e r a t i v e  
r e c o v e r y ,  t h e  r a t s  we r e  g i v e n  e i g h t  t r a i n i n g  t r i a l s  (30  sec i n t e r t r i a l  
i n t e r v a l )  on a on e -w ay  a c t i v e  a v o i d a n c e  t a s k .  The  n e x t  da y ,  e i g h t  
t r i a l s  o f  t h e  same t a s k  w e r e  c o n d u c t e d .  S t a u b l i  e t  a l .  f o u n d  t h a t  
l e u p e p t i n  d i d  n o t  a f f e c t  r a t s '  w i t h i n - d a y  a c q u i s i t i o n  o f  t h i s  t a s k .  
F u r t h e r m o r e ,  e x c e p t  f o r  t h e  f i r s t  t h r e e  t r i a l s ,  l a t e n c i e s  t o  a v o i d  t h e  
shock on day t w o  t e s t i n g  t r i a l s  w e r e  e s s e n t i a l l y  t h e  same f o r  b o t h  
g r o u p s .  S t a u b l i  e t  a l . c o n c l u d e d  t h a t  t h e  p u t a t i v e  c a l c i u m - c a l p a i n  
mechanism may be r e s p o n s i b l e  f o r  l o n g - l a s t i n g  s p a t i a l  memory,  b u t  i s  
u n i n v o l v e d  i n  a v o i d a n c e  memory .  T h i s  i s  b e c a u s e ,  p r e s u m a b l y ,  t h e  
h ippocampus  i s  n o t  i n v o l v e d  i n  memory f o r  a v o i d a n c e  c o n t i n g e n c i e s .
G iv en  t h e  f i n d i n g s  o f  O l t o n  & I s a a c s o n  ( 1968a ,  1968b) and o t h e r s  ( L i s s ,  
1968 ; he New & Thompson,  1 9 6 6 ; R i c h  & Thompson ,  19&5) r e g a r d i n g  t h e  
d e l e t e r i o u s  e f f e c t  o f  h i p p o c a m p a l  l e s i o n s  on a c t i v e  and p a s s i v e  
a v o id a n c e  p e r f o r m a n c e  i n  r a t s ,  h o w e v e r ,  t h i s  seems u n l i k e l y .  F u r t h e r ,
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i f  i n d e e d  t h e s e  a v o i d a n c e  t a s k s  a r e  e s s e n t i a l l y  a v e r s i v e l y  m o t i v a t e d  
s p a t i a l  t a s k s ,  as s u g g e s te d  above ( B l a c k  e t  a t . ,  1977;  O l t o n ,  1973 ) .  
a v o i d a n c e  memory and s p a t i a l  memory a r e  n o t  d i c h o t o m o u s ,  and t h e  
d i s t i n c t i o n  i s  w i t h o u t  mean ing .
S e v e r a l  l i n e s  o f  e v i d e n c e  s u g g e s t  t h a t  t h e  c o n c l u s i o n  o f  S t a u b l i  e t  
a l . r e g a r d i n g  t h e  n o n i n v o 1vemen t  o f  t h e  c a I c i u m - c a 1p a i n  i n t e r a c t i o n  in 
a v e r s i v e l y  m o t i v a t e d  memory t a s k s  i s  p r e m a t u r e .  F i r s t ,  t h e i r  r e s u l t s  
a r e  i n c o n s i s t e n t  w i t h  t h e  e f f e c t s  o f  h i p p o c a m p a l  l e s i o n s .  S e c o n d ,  t h e  
c a 1c i u r n - i n d u c e d  i n c r e a s e  i n  g l u t a m a t e  b i n d i n g  o c c u r s  w i t h  a h a l f - m a x i m a l  
e f f e c t  o f -1 - 2  m in ,  and rea che s  a s y m p t o t e  be tw ee n  10-15 min ( B a u d r y  e t  
a l . ,  1 9 8 3 ) .  G i ven  t h i s  t im e  c o u r s e ,  one w o u ld  n o t  e x p e c t  p r o t e i n a s e  
i n h i b i t o r s  t o  i m p a i r  a c q u i s i t i o n  o f  any  t a s k  a c r o s s  30 sec  d e l a y s .  I f  
i nde ed  t h i s  c a l p a i n  mechan i sm i s  a memory m e c h a n i s m ,  i t  can  be  i nvoked  
o n l y  i n  s i t u a t i o n s  i n  w h i c h  t h e  o r g a n i s m  i s  r e q u i r e d  t o  ' r e m e m b e r '  f o r  
p e r i o d s  as l ong  as ,  o r  l o n g e r  t h a n ,  t h e  m in imum t i m e  r e q u i r e d  f o r  t he  
m echan i sm  t o  be a c t i v e .  Thu s ,  one  w o u l d  e x p e c t  l e u p e p t i n  t o  i m p a i r  
m e m o r y - r e l a t e d  b e h a v i o r  g i v e n  r e t e n t i o n  i n t e r v a l s  o f  l o n g e r  t h a n  a 
min imum o f  pe rha ps  10 m i n .  I n d e e d ,  a c l o s e  e x a m i n a t i o n  o f  S t a u b l i  e t  
a l . ' s  o n e - w ay  a v o i d a n c e  d a t a  i n d i c a t e  t h a t  a l t h o u g h  1e u p e p t i n - t r e a t e d  
s u b j e c t s  w e r e  n o t  i m p a i r e d  i n  w i t h i n  day  a c q u i s i t i o n ,  t h e i r  p e r f o r m a n c e  
i n  t h e  f i r s t  t h r e e  t r i a l s  o f  day t w o  was s i g n i f i c a n t l y  i m p a i r e d .  Ac ro ss  
t h e s e  f i r s t  t h r e e  t r i a l s ,  an a v e r a g e  o f  33-3% o f  t h e  1e u p e p t i n - t r e a t e d  
r a t s  a v o i d e d  t h e  s h o c k ,  w h i l e  60$ o f  t h e  c o n t r o l s  made a v o i d a n c e  
r e s p o n s e s .  Th us ,  a l t h o u g h  l e u p e p t i n  may n o t  h a v e  i m p a i r e d  t h e  
w i t h i n - d a y  a c q u i s i t i o n  o f  t h e  t a s k  a c r o s s  30 s e c  i n t e r t r i a l  i n t e r v a l s ,  
i t  may have i m p a i r e d  be t w e e n - d a y  r e t e n t i o n .  T h i s  f i n d i n g  w o u l d  be
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c o n s i s t e n t  w i t h  t h e  l o g i c  r e g a r d i n g  the  t e m p o r a l  r e l a t i o n s h i p  be tween 
c a l c i u m - d e p e n d e n t  i n c r e a s e s  i n  g l u t a m a t e  r e c e p t o r  number a n d  b e h a v i o r .  
Us in g  a 2k hr  i n t e r t r i a l  i n t e r v a l ,  Dav i s  6 P i c o  ( i n  p r e s s )  f o u n d  t h a t  
i n t r a c e r e b r o v e n t r i c u 1a r  i n j e c t i o n  o f  l e u p e p t i n  im p a i re d  a v o i d a n c e  
b e h a v i o r  i n  c h i c k s .  G i v en  l o n g  i n t e r t r i a l  i n t e r v a l s ,  s i m i l a r  l e u p e p t i n  
i n d u c e d  d e f i c i t s  w e r e  o b t a i n e d  u s i n g  r a t s  i n  a swimming t a s k  r e q u i r i n g  
them t o  remember f r o m  t r i a l  t o  t r i a l  t he  l o c a t i o n  o f  a p l a t f o r m  h i d d e n  
j u s t  b e n e a t h  t h e  s u r f a c e  o f  op aq ue  w a te r  ( M o r r i s  6 B a k e r ,  1981*) . 
A d m i n i s t r a t i o n  o f  t h e  g l u t a m a t e  r e c e p t o r  a n t a g o n i s t  d , L - A P 5  ( M o r r i s ,  
A n d e r s o n ,  Lynch,  6 B a u d r y ,  1986) and h ip p o c a m p a l  l e s i o n s  ( M o r r i s ,
G a r r u d ,  R a w l i n s  & O ' K e e f e ,  1982) a l s o  i m p a i r  p e r f o rm an ce  i n  t he  M o r r i s  
w a t e r  t a n k .
I t  a p p e a r s ,  t h e n ,  t h a t  t h e  c o n c l u s i o n  t h a t  l e u p e p t i n  does  no t  
i m p a i r ,  and by i n f e r e n c e  t h a t  t h e  p u t a t i v e  c a l c i u m - c a l p a i n  mechanism i s  
n o t  i n v o l v e d  i n ,  memory f o r  a v o i d a n c e  c o n t i n g e n c i e s  may b e  e r r o n e o u s .
The p r e s e n t  s t u d i e s  w e r e  c o n d u c t e d  t o  i n v e s t i g a t e  f u r t h e r  t h e  e f f e c t  o f  
l e u p e p t i n  on a v o i d a n c e  p e r f o r m a n c e ,  and t o  p r o v i d e  i n f o r m a t i o n  p e r t i n e n t  
t o  t h e  t h i r d  p r e d i c t i o n  d i s c u s s e d  above r e g a r d i n g  t he  t i m e  c o u rs e  o f  
1e u p e p t i n - i n d u c e d  b e h a v i o r a l  i m p a i r m e n t s .
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I . EXPERIMENT ONE 
The E f f e c t  o f  L e u p e p t i n  on One-Way A v o i d a n c e  A c q u i s i t i o n
As s t a t e d  p r e v i o u s l y ,  t h e  f a i l u r e  o f  S t a u b l i  e t  a l  . (198U) t o  f i n d
a 1e u p e p t i n - i n d u c e d  d e f i c i t  i n  on e -way  a v o i d a n c e  a c q u i s i t i o n  i s  
i n c o n s i s t e n t  w i t h  s e v e r a l  l i n e s  o f  e v i d e n c e .  G iv e n  t h e  t i m e  c o u r s e  o f  
c a 1 p a i n - i n d u c e d  i n c r e a s e  i n  g l u t a m a t e  r e c e p t o r  number ,  one w o u ld  n o t  
e x p e c t  l e u p e p t i n  t o  i m p a i r  a c q u i s i t i o n  o f  any t a s k  w i t h  30 sec 
i n t e r t r i a l  i n t e r v a l s .  The p r e s e n t  e x p e r i m e n t  was c o n d u c t e d  t o  d e t e r m i n e  
t h e  e f f e c t s  o f  l e u p e p t i n  on a c q u i s i t i o n  o f  o n e - w a y  a v o i d a n c e  p e r f o r m a n c e  
w i t h  l o n g  (1 h r )  i n t e r t r i a l  i n t e r v a l s .
Method
Sub i e c t s
N i n e  ma le  S p r a g u e - D a w le y  r a t s  ( C h a r l e s  R i v e r s  B r e e d i n g  
L a b o r a t o r i e s ) ,  aged f i v e  mon ths  a t  t h e  b e g i n n i n g  o f  t e s t i n g ,  s e r v e d  as 
s u b j e c t s .  S u b j e c t s  w e r e  housed i n d i v i d u a l l y  i n  r a c k  mou n t ed  w i r e  mesh 
cages ( 2k cm x 20 cm x 18 cm) f r o m  we an in g  t o  age f i v e  m o n th s ,  d u r i n g  
w h i c h  t i m e  t h e y  w e r e  h a n d l e d  and w e ig h e d  t w i c e  w e e k l y  t o  r e n d e r  t hem 
d o c i l e .  S t a r t i n g  a t  age f i v e  m o n t h s ,  t h e y  w e r e  housed  i n d i v i d u a l l y  i n  
rac k  mou n te d  c l e a r  p l a s t i c  t u b s  (k5  cm x 2k cm x 20 c m ) , w h i c h  s e r v e d  as 
t h e i r  home cage f o r  t h e  r e m a i n d e r  o f  t h e  e x p e r i m e n t .  S u b j e c t s  w e re  
m a i n t a i n e d  i n  an e n v i r o n m e n t a l l y  c o n t r o l l e d  a n im a l  v i v a r i u m  i n  t h e  
D e p a r tm e n t  o f  P s y c h o l o g y ,  U n i v e r s i t y  o f  New H a m p s h i r e ,  on  a 12:12 
l i g h t : d a r k  c y c l e ,  l i g h t s  on a t  0 7 0 0 .  Food and  w a t e r  w e r e  a v a i l a b l e  ad
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1 i b i  turn. F o u r  r a n d o m ly  a s s i g n e d  r a t s  s e r v e d  as t he  c o n t r o l  ( s a l i n e )  
g ro up ,  f i v e  r a n d o m ly  a s s i g n e d  r a t s  s e r v e d  as t h e  e x p e r i m e n t a l  
( l e u p e p t i n )  g r o u p .
App a ra tus
A 52 cm l o n g  x 13 cm w i d e  x 30 cm h i g h  p l e x i g l a s  chamber  was us e d .  T h i s  
chamber was d i v i d e d  i n t o  t w o  e q u a l - s i z e d  c om pa r t me n ts  (26 cm x 13 cm x 
30 cm) by  a s l i d i n g  g u i l l o t i n e  doo r  w h i c h ,  when l owered  by  means o f  a 
co rd  t h r e a d e d  t h r o u g h  a s p a r  above t h e  a p p a r a t u s ,  f o r m ed  a b a r r i e r  10 cm 
h i g h .  One c o m p a r t m e n t  was l i n e d  w i t h  w h i t e  c a r d b o a r d ,  t h e  o t h e r  
co m pa r t m en t  was l i n e d  w i t h  b l a c k  c a r d b o a r d .  One w a l l  o f  t h e  e n t i r e  
chamber was l e f t  u n c o v e r e d  t o  p e r m i t  v i e w i n g .  The f l o o r  o f  t he  
a p p a r a t u s  c o n s i s t e d  o f  0 . 3  cm s t a i n l e s s  s t e e l  r ods sp ac ed  1 .4  cm c e n t e r  
t o  c e n t e r .  The g r i d  f l o o r  o f  t h e  b l a c k  c om p ar tm en t  was c o n n e c t e d  t o  a 
G r a s o n - S t a d I e r  s c r a m b l e r  and shock g e n e r a t o r  (E1064GS) .
C a n n u l a e  wer e  c o n s t r u c t e d  f r om  2 2 g s t a i n l e s s  s t e e l  t u b i n g  (2 1 0 2 2 , 
H a m i l t o n  C o . ) .  T h i s  t u b i n g  has an O.D.  o f  0 . 7  mm and an I . D .  o f  0 . 4  
mm. P i e c e s  o f  28g s t a i n l e s s  s t e e l  t u b i n g  (21028,  H a m i l t o n ) ,  c u t  t o  
l e n g t h  and c r i m p e d  a t  t h e  e n d s ,  s e r v e d  as  p l u g s  f o r  t h e  c a n n u l a e  d u r i n g  
i m p l a n t a t i o n  and p r i o r  t o  a t t a c h i n g  t h e  pumps .  These c a n n u l a e  w e re  h e l d  
i n  p l a c e  w i t h  f o u r  s k u l l  s c r e w s  ( o b t a i n e d  f r o m  a l o c a l  o p t i c i a n )  and 
Ke r r  F a s t c u r e  d e n t a l  c e m e n t .  A Kopf  s t e r e o t a x i c  i n s t r u m e n t  was use d  t o  
i m p la n t  t h e  c a n n u l a e .
O s m o t i c  m i n i  pumps ( 20 02 ,  A l z a  C o r p . )  w e r e  used.  T h e s e  pumps h a v e  a 
0 .2  ml c a p a c i t y ,  and d e l i v e r  0 . 5  u l  s o l u t i o n  pe r  ho u r  f o r  14 c o n s e c u t i v e  
da ys .  T h e s e  pumps w e r e  f i l l e d  w i t h  e i t h e r  i s o t o n i c  s a l i n e  (0 .9$ )  o r  
w i t h  8 mg l e u p e p t i n  (L 2 8 8 4 ,  Sigma) /  ml i s o t o n i c  s a l i n e .  G i ven  a
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v e n t r i c u l a r  vo l ume  o f  250 u l  ( C s e r r , 1 96 5 ) .  and a c e r e b r o s p i n a l  f l u i d  
exchange  r a t e  o f  2 . 2  u l / m i n  (Bass 6 L u n d b o r g ,  1973 ) ,  l e u p e p t i n  r ea che d  a 
s t e a d y - s t a t e  c o n c e n t r a t i o n  o f  be tw ee n  20-1*0 uM. The pumps were a t t a c h e d  
t o  t h e  c a n n u la e  w i t h  p o l y e t h y l e n e  t u b i n g  ( I n t r a m e d i c  P E - 6 0 ,  Clay Adams) .  
P r o c e d u r e
A l l  b e h a v i o r a l  t r a i n i n g  and t e s t i n g  was c o n d u c t e d  d u r i n g  the  l i g h t  
c y c l e ,  and to o k  p l a c e  i n  a room l o c a t e d  a p p r o x i m a t e l y  20 m f rom  th e  
h o u s i n g  v i v a r i u m .  A n i m a ls  w e r e  wh e e le d  t o  t h e  t e s t i n g  room in  t h e i r  
home cages i n  squads o f  f o u r  o r  f i v e .  A f t e r  a l l  f o u r  o r  f i v e  r a t s  i n  a 
squad were  r u n ,  t h e y  we r e  r e t u r n e d  t o  t h e  v i v a r i u m .
S u r g e r y ■ Ra ts  we re  a n e s t h e t i z e d  w i t h  Nembu ta l  ( 50mg /kg )  p r i o r  t o  
s u r g e r y .  A c a n n u l a  w i t h  p l u g  was p l a c e d  s t e r e o t a x i c a 11y i n t o  t h e  l e f t  
l a t e r a l  v e n t r i c l e  a t  t h e  l e v e l  o f  t h e  a n t e r i o r  h i p p o c a m p a l  commisure 
( e x a c t  c o o r d i n a t e s ,  m ea s u r e d  from  Bregma,  f l a t  s k u l l  p o s i t i o n ;  
a n t e r i o r - p o s t e r i o r ,  - 1 . 0  mm, l a t e r a l ,  + 1 . 5  mm, d e p t h ,  - l * . 0  mm).
F o l l o w i n g  p l a c e m e n t  and a n c h o r i n g  o f  t h e  c a n n u l a ,  t h e  28g p l u g  was 
removed and t h e  o s m o t i c  m i n i  pumps w e re  a t t a c h e d .  Th es e  pumps were 
i m p l a n t e d  i n t e r s c a p u l a r 1y and s u b c u t a n e o u s l y , and w e r e  a t t a c h e d  t o  t h e  
c a n n u l a  w i t h  5 cm p o l y e t h y l e n e  t u b i n g .
Av o id a n c e  t r a i n i n g .  A v o i d a n c e  t r a i n i n g  commenced f o l l o w i n g  two 
days  p o s t - s u r g i c a l  r e c o v e r y .  R a ts  w e re  g i v e n  t h r e e  t r i a l s  per  day ,  w i t h  
a 1 h r  i n t e r t r i a l  i n t e r v a l ,  f o r  11 d a y s .
B e f o r e  a t r i a l ,  a r a t  was p l a c e d  i n  t h e  b l a c k  c o m p a r t m e n t  f a c i n g  
t h e  g u i l l o t i n e  d o o r .  A t r i a l  began  10 se c  l a t e r  w i t h  t h e  l o w e r i n g  o f  
t h e  doo r  s e p a r a t i n g  t h e  t w o  c o m p a r t m e n t s .  A t r i a l  was t e r m i n a t e d  when 
t he  s u b j e c t  t r a v e r s e d  t h e  b a r r i e r  and p l a c e d  a l l  f o u r  f e e t  o n t o  t h e
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f l o o r  o f  t h e  w h i t e ,  ' s a f e '  c o m p a r t m e n t .  An a v o i d a n c e  r e s p o n s e  was 
r e c o r d e d  i f  t h e  r a t  t r a v e r s e d  t h e  b a r r i e r  and e n t e r e d  t h e  s a f e  
co m p ar tm en t  w i t h i n  10 sec o f  t r i a l  o n s e t .  I f  no a v o i d a n c e  r e s p o n s e  
o c c u r r e d ,  a 0 . 5  mA shoc k ,  0 . 5  sec  e v e r y  1 .0  s e c ,  was d e l i v e r e d  t o  t h e  
f l o o r  o f  t h e  b l a c k  c o m p ar tm en t .  L a t e n c y  t o  e n t e r  t h e  w h i t e  compartment  
was r e c o r d e d .  F a i l u r e  t o  a v o i d  o r  es ca pe  f ro m  t h e  shock w i t h i n  30 sec 
o f  t r i a l  o n s e t  r e s u l t e d  i n  t e r m i n a t i o n  o f  t h e  t r i a l ,  and t h e  r a t  was 
p l a c e d  m a n u a l l y  i n t o  t he  s a f e  a rm.  I n  e i t h e r  c a s e ,  t h e  r a t  was r e t a i n e d  
i n  t h e  s a f e  arm f o r  30 s e c ,  a f t e r  w h i c h  i t  was r e t u r n e d  t o  i t s  home 
cage .  A f t e r  a l l  f o u r  o r  f i v e  r a t s  i n  a g r o u p  w e r e  r u n ,  t h e y  we r e  
r e t u r n e d  t o  t h e  v i v a r i u m .
R e s u 1t s
R e s u l t s  a r e  p l o t t e d  i n  F i g u r e s  l a - c .  As i l l u s t r a t e d  i n  F i g u r e  l a ,  
l e u p e p t i n - t r e a t e d  r a t s  f a i l e d  t o  a v o i d  t h e  sh oc k  s i g n i f i c a n t l y  more 
o f t e n  t h a n  t h e i r  s a 1 i n e - t r e a t e d  c o u n t e r p a r t s  a c r o s s  a l l  33 t r i a l s  
( T o t a l ,  mean l e u p e p t i n  -  16,  mean s a l i n e  “  9 - 2 5 ,  M an n-W h i t ne y  U “  2 . 0 ,  p
< . 0 5 ,  one t a i l e d ) .  S i m i l a r l y ,  r a t s  r e c e i v i n g  l e u p e p t i n  f a i l e d  t o  a v o i d  
t h e  shoc k  p r i o r  t o  a t t a i n i n g  a c r i t e r i o n  o f  e i g h t  a v o i d a n c e  r e s p o n s e s  i n  
10 c o n s e c u t i v e  t r i a l s  s i g n i f i c a n t l y  more  o f t e n  t h a n  r a t s  r e c e i v i n g  
s a l i n e  (mean l e u p e p t i n  -  1 1 . 8 ,  mean s a l i n e  -  5 ,  M a n n- W h i tn ey  U -  1 . 5 ,  P
< . 0 5 , one t a i l e d ) .
F i g u r e  l b  i l l u s t r a t e s  t r i a l - b y - t r i a l  p e r f o r m a n c e  a v e r a g e d  a c r o s s  
s u b j e c t s  and d a y s .  Rats  t r e a t e d  w i t h  l e u p e p t i n  made s i g n i f i c a n t l y  f e w e r  
a v o i d a n c e  r e s p o n s e s  on t h e  s eco nd  d a i l y  t r i a l ,  on  t h e  a v e r a g e ,  t h a n  r a t s  
t r e a t e d  w i t h  s a l i n e  (mean p e r c e n t  a v o i d  l e u p e p t i n  ■ A5 .A5 , mean p e r c e n t  



















F i g u r e  1A. L e u p e p t i n ' s  e f f e c t s  on av o id a n c e  p e r f o r m a n c e  a c r o s s  a l l  33 
t r i a l s  and p r i o r  t o  a t t a i n i n g  a c r i t e r i o n  o f  8 a v o i d a n c e  r e s p o n s e s  o u t  
o f  10 c o n s e c u t i v e  t r i a l s  (+ I s )  . Bo th  d i f f e r e n c e s  a r e  s i g n i f i c a n t  
( M an n- W h i tn ey  U, p  < 0 . 05 ) •
F i g u r e  IB .  l e u p e p t i n ' s  e f f e c t s  on av o id a n c e  p e r f o r m a n c e  by  t r i a l  {+ 























F i g u r e  1C. L e u p e p t i n ' s  e f f e c t s  on t r i a l  by  t r i a l  a v o i d a n c e  per formance .
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do c um e n t s  t r i a l  by  t r i a l  a v o i d a n c e  p e r f o r m a n c e  a v e r a g e d  a c r o s s  
i n d i v i d u a l  r a t s  w i t h i n  a g r o u p ,  f u r t h e r  i l l u s t r a t e s  t h i s  p o i n t .  U n l i k e  
t he  c u r v e s  d e s c r i b i n g  b o t h  t r i a l  one and t r i a l  t h r e e  p e r f o r m a n c e  o f  t h e  
two g r o u p s ,  t he  c u r v e s  r e p r e s e n t i n g  t r i a l  tw o  p e r f o r m a n c e  o f  t h e  two 
g r o u p s  a r e  cI  ear  I y  - d i v e r g e n t , w i t h  t h e  e x c e p t i o n  o f  da y s  s i x  and e i g h t .
D i sc uss  i on
T hes e  da ta  s u g g e s t  t h a t ,  g i v e n  l o n g  i n t e r t r i a l  i n t e r v a l s ,  l e u p e p t i n  
i m p a i r s  one-way a v o i d a n c e  p e r f o r m a n c e .  T h i s  f i n d i n g  i s  c o n s i s t e n t  w i t h  
t he  t i m e  cou rse  g o v e r n i n g  c a l p a i n ' s  e f f e c t  on g l u t a m a t e  b i n d i n g ,  t h e  
e f f e c t s  o f  h i pp oc am p a l  l e s i o n s  on on e -w ay  a v o i d a n c e  a c q u i s i t i o n ,  and th e  
e f f e c t s  o f  l e u p e p t i n  on a v o i d a n c e  b e h a v i o r  o f  c h i c k s  ( D a v i s  & P i c o ,  i n  
p r e s s )  and r a t s  i n  a w a t e r  maze ( M o r r i s  e t  a l . ,  1 9 8 4 ) .  L e u p e p t i n  
a p p e a r e d  t o  m a n i f e s t  i t s  e f f e c t s  d i f f e r e n t i a l l y  a c r o s s  t r i a l s  w i t h i n  a 
da y ,  s i g n i f i c a n t l y  i m p a i r i n g  p e r f o r m a n c e  on t h e  se c o nd  d a i l y  t r i a l .  I t  
i s  u n c l e a r  a t  p r e s e n t  why d u r i n g  t h e  t h i r d  d a i l y  t r i a l  l e u p e p t i n - t r e a t e d  
s u b j e c t s  were r e s p o n d i n g  s i m i l a r  t o  s a 1 i n e - t r e a t e d  s u b j e c t s .  I t  i s  
p o s s i b l e  t h a t ,  w h i l e  b e t w e e n - d a y  r e t e n t i o n  was i m p a i r e d ,  w i t h i n - d a y  
r e t e n t i o n  was n o t  i m p a i r e d  as  s e v e r e l y  by  l e u p e p t i n ,  as was s u g g e s te d  
e a r l i e r  w i t h  r e f e r e n c e  t o  t h e  s t u d y  o f  S t a u b l i  e t  a l .  ( 1 9 8 4 ) .
A l t h o u g h  t h e s e  d a t a  a r e  s u g g e s t i v e  o f  a t i m e  d e p e n d e n t  memory 
d e f i c i t ,  t hey  a r e  n o t  c o n c l u s i v e .  I t  i s  p o s s i b l e  t h a t  l e u p e p t i n ' s  
d i s r u p t i v e  e f f e c t s  o n  a v o i d a n c e  a c q u i s i t i o n  we r e  due t o  a n o t h e r ,  
n o n s p e c i f i c ,  unknown e f f e c t  o f  t h e  d r u g .  For  e x a m p l e ,  l e u p e p t i n  c o u l d  
p o t e n t i a l l y  i m p a i r  a t t e n t i o n a l  o r  m o t o r  p r o c e s s e s ,  d i s r u p t i n g  a v o i d a n c e  
a c q u i s i t i o n  t h r o u g h  a n o n m e m or ia l  mec han i sm.
T hu s ,  t h e  p r e s e n t  e x p e r i m e n t  r a i s e s  t w o  q u e s t i o n s :  f i r s t ,  w h e t h e r
l e u p e p t i n ' s  i m p a i r m e n t  o f  a v o i d a n c e  a c q u i s i t i o n  i s  a m a n i f e s t a t i o n  o f  
i t s  e f f e c t s  on some nonmemor ia l  mechan ism and seco nd ,  w h e t h e r  t he  
t e m p o r a l  c o u r s e  o f  l e u p e p t i n ' s  b e h a v i o r a l  e f f e c t s  re s e m b le s  c l o s e l y  t h e  
known t i m e  c o u r s e  o f  t he  c a 1c i u m - c a 1 p a i n  m e c h an i s m .  These  q u e s t i o n s  can  
be an sw er ed  by  c h o o s i n g  a p a r a d i g m  w i t h  w h i c h  one can a s s e s s  l e u p e p t i n ' s  
e f f e c t s  on p r e v i o u s l y  l e a r n e d  a v o i d a n c e  r e s p o n d i n g  and on d e l a y e d  c h o i c e  
p e r f o r m a n c e .  For  examp le ,  a d e l a y e d  c h o i c e  t a s k  s i m i l a r  t o  t h e  r a d i a l  
arm maze u s i n g  a v e r s i v e  m o t i v a t i o n  wo u l d  be i d e a l ;  h o w e v e r ,  r a t s '  c h o i c e  
p e r f o r m a n c e  has n o t  been a s s e s s e d  u s i n g  such  a p a r a d ig m .  The e x p e r i m e n t  
w h i c h  f o l l o w s  was con duc ted  t o  d e t e r m i n e  t h e  v i a b i l i t y  o f  such a 
p a r a d i g m  by a s s e s s i n g  r a t s '  c h o i c e  p e r f o r m a n c e  i n  a p l u s - s h a p e d  maze.
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I I . EXPERIMENT TWO 
W in -S ta y  v s .  W i n - S h i f t  P r e f e r e n c e  and D i s c r i m i n a t i o n  L e a r n i n g
i n  an Av o id a n ce  Task
O l t o n  (1982 )  f o u nd  t h a t  r a t s  l e a r n  w i n - s h i f t  a p p e t i t i v e  t a s k s  more 
q u i c k l y  t h a n  w i n - s t a y  a p p e t i t i v e  t a s k s .  W i n - s t a y  and w i n - s h i f t  t a s k s  
a r e  t y p i c a l l y  c o m p r i s e d  o f  a s e r i e s  o f  two t r i a l  s e s s i o n s .  I n  t h e  f i r s t  
t r i a l  o f  a w i n - s h i f t  t a s k ,  f o o d  i s  p l a c e d  i n  o n e  o f  two p o s s i b l e  
l o c a t i o n s ,  and a f o o d  d e p r i v e d  t h e  r a t  i s  a l l o w e d  (or  f o r c e d )  t o  f i n d  
and  consume t h e  f o o d .  In t r i a l  two o f  a s e s s i o n ,  f o o d  i s  p l a c e d  i n  t h e  
o t h e r  o f  t h e  t w o  p o s s i b l e  l o c a t i o n s ,  and t h e  r a t  mus t  ch o os e  be tw ee n  t h e  
t w o .  A c o r r e c t  r e s p o n s e  c o n s i s t s  i n  c h o o s i n g  t h e  f oo d  l o c a t i o n  n o t  
c ho s e n  i n  t r i a l  o n e .  Thus ,  t h e  r a t  mus t  ' s h i f t '  be tween t h e  two  
p o t e n t i a l  f o o d  l o c a t i o n s  w i t h i n  a s e s s i o n .  W i n - s t a y  t a s k s  em p lo y  a 
s i m i l a r  d e s i g n ,  e x c e p t  t h a t  f o o d  i s  p l a c e d  i n  t h e  same l o c a t i o n  i n  
t r i a l s  one and t w o ,  and a c o r r e c t  r e sp on s e  c o n s i s t s  i n  c h o o s i n g  t h e  same 
f o o d  l o c a t i o n  i n  t r i a l  two as i n  t r i a l  o n e .  O l t o n  (1982) s u g g e s t s  t h a t  
r a t s  p e r f o r m  b e t t e r  i n  w i n - s h i f t  t a s k s  b e c a u s e  t h e y  a r e  e v o l u t i o n a r i 11y 
p r e d i s p o s e d  t o  seek  foo d  i n  p r e v i o u s l y  u n v i s i t e d  l o c a t i o n s .
W i n - s t a y  v s  w i n - s h i f t  p e r f o r m a n c e  has n o t  be en  a s s e s s e d  u s i n g  an 
a v o id a n c e  p a r a d i g m .  From an e v o l u t i o n a r y  p e r s p e c t i v e ,  a n i m a l s  m i g h t  be 
p r e d i s p o s e d  t o  f o l l o w  a w i n - s t a y  s t r a t e g y  i n  t h e  a v o i d a n c e  o f  n o x i o u s  
s t i m u l i  b e c a u s e ,  u n l i k e  f o o d  s o u r c e s ,  s a f e  p l a c e s  a r e  n o t  s u b j e c t  t o
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d e p l e t i o n  and r e n e w a l .
The p u r p o s e  o f  t h e  p r e s e n t  e x p e r i m e n t  was t h r e e f o l d .  F i r s t ,  
w i n - s t a y  v s .  w i n - s h i f t  p r e f e r e n c e  was a s s e s s e d  i n  an a v e r s i v e l y  
m o t i v a t e d  t a s k .  Second ,  w i n - s t a y  and w i n - s t a y  l e a r n i n g  was a s s e s s e d .  
T h i r d ,  and p e r h a p s  m os t  i m p o r t a n t ,  t h e  f i n d i n g s  r e g a r d i n g  w i n - s t a y  and 
w i n - s h i f t  l e a r n i n g  s e r v e d  as t h e  b a s i s  o f  t h e  p a r a d ig m  used i n  
E x p e r i m e n t  T h r e e  t o  a s se s s  t h e  t e m p o r a l  depend enc e  o f  l e u p e p t i n ' s  
e f f e c t s  on  a v e r s i v e l y  m o t i v a t e d  s p a t i a l  memory.
Method
Sub i e c t s
T w e l v e  H a r v a r d  Brown r a t s ,  b r e d  i n  t h e  l a b o r a t o r i e s  o f  t he  
D e p a r tm e n t  o f  P s y c h o l o g y ,  U n i v e r s i t y  o f  New H a m p s h i r e ,  s e r v e d  as 
s u b j e c t s .  These  a n i m a l s  we r e  house d  i n d i v i d u a l l y  i n  r a c k - m o u n t e d  c l e a r  
p l a s t i c  t u b s  (1*5 cm x 24 cm x 20 c m ) ,  w h i c h  s e r v e d  as t h e i r  home cag e  
t h r o u g h o u t  t h e  e x p e r i m e n t .  S u b j e c t s  we re  m a i n t a i n e d  i n  an 
e n v i r o n m e n t a l l y  c o n t r o l l e d  a n im a l  v i v a r i u m  i n  t h e  D e p a r tm e n t  o f  
B i o c h e m i s t r y ,  U n i v e r s i t y  o f  New H a m p s h i r e ,  on a 12 :12  l i g h t : d a r k  c y c l e ,  
l i g h t s  on a t  0700 .  Food and w a t e r  we re  a v a i l a b l e  ad 1 i b i  t urn.
A p p a r a t u s
A f o u r - a r m  r a d i a l  maze a d a p t e d  f o r  a v o i d a n c e  t r a i n i n g  was u s e d .
The s i d e s  o f  t h e  maze w e r e  c o n s t r u c t e d  o f  p l e x i g l a s  and t h e  f l o o r  o f  0 .3  
cm s t a i n l e s s  s t e e l  r o d s  spaced  1.1* cm c e n t e r  t o  c e n t e r .  Fou r  arms (25 
cm lo n g  x 13 cm w i d e  x 15 cm h i g h )  w i t h  r e m o v a b l e  t o p s  r a d i a t e d  f r o m  an 
o c t a g o n a l  c e n t r a )  c o m p a r t m e n t  m e a s u r i n g  25 cm a c r o s s  and 25 cm h i g h .
Each o f  t h e  arms was s e p a r a t e d  f r o m  t h e  c e n t r a l  c o m p a r t m e n t  by  a
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g u i l l o t i n e  d o o r ,  w h i c h  c o u l d  be r a i s e d  by means o f  a c o r d  a t t a c h e d  t o  
t he  t o p  o f  t h e  doo r  and t h r e a d e d  t h r o u g h  a s p a r  above t h e  c e n t r a l  
c o m p a r t m e n t .
The g r i d  f l o o r  o f  t h e  c e n t r a l  c o m p a r t m e n t  and o f  each o f  t h e  arms 
c o u ld  be c o n n e c t e d  t o  a G r a s o n - S t a d  1e r  s c r a m b l e r  and shoc k  g e n e r a t o r  
(E106LGS).  By mak ing  t h e  a p p r o p r i a t e  c o n n e c t i o n s ,  t he  e x p e r i m e n t e r  
c o u ld  c o n t r o l  w h i c h  a r e a s  o f  t h e  maze f l o o r  d e l i v e r e d  s h o c k .
P r oc e du r e
A l l  b e h a v i o r a l  t r a i n i n g  was c o n d u c t e d  d u r i n g  t he  l i g h t  c y c l e ,  and 
took p l a c e  i n  a c o r n e r  o f  t he  v i v a r i u m .
S t a y  v s  . Sh i f  t  P r e f e r e n c e .  T r a i n i n g  s e s s i o n s  a s s e s s i n g  r a t s '  
p r e f e r e n c e  f o r  s t a y  o r  s h i f t  s t r a t e g i e s  we r e  c o m p r i s e d  o f  tw o  t r i a l s :  a
f o r c e d - c h o i c e  t r i a l  and a f r e e - c h o i c e  t r i a l .  I n  t h e  f i r s t ,
f o r c e d - c h o i c e  t r i a l ,  a r a t  was p l a c e d  i n  t h e  c e n t r a l  c o m p a r t m e n t  and 10
sec l a t e r  t h e  g u i l l o t i n e  d o o r  l e a d i n g  t o  one ra n d o m ly  ch o s e n  arm was
r a i s e d .  An a v o id a n c e  r e s p o n s e  was r e c o r d e d  i f  t h e  r a t  p l a c e d  t h r e e  f e e t  
i n t o  t h e  a rm  w i t h i n  10 s e c  a f t e r  t h e  d o o r  was r a i s e d .  I f  no a v o i d a n c e  
re sp on se  o c c u r r e d ,  a 0 . 5  mA s h o c k ,  0 . 5  sec e v e r y  1 . 0  s e c ,  was d e l i v e r e d  
t o  t h e  f l o o r  o f  t h e  c e n t r a l  c o m p a r t m e n t .  L a t e n c y  t o  e n t e r  t h e  arm was 
r e c o r d e d ,  and t h e  r a t  was c o n f i n e d  i n  t h e  a rm f o r  30 s e c ,  a f t e r  w h i c h  
the  r a t  was p l a c e d  i m m e d i a t e l y  i n t o  t h e  c e n t r a l  c o m p a r t m e n t .  The 
second ,  f r e e - c h o i c e  t r i a l  commenced 10 sec l a t e r .
F r e e - c h o i c e  t r i a l s  w e re  s i m i l a r  t o  f o r c e d - c h o i c e  t r i a l s  e x c e p t  t h a t  
two d o o r s  w e r e  r a i s e d :  one l e a d i n g  t o  t h e  a rm e n t e r e d  i n  t h e
f o r c e d - c h o i c e  t r i a l ,  t h e  o t h e r  l e a d i n g  t o  t h e  arm l 80 d e g r e e s  o p p o s i t e
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t h e  arm e n t e r e d  i n  t h e  f o r c e d - c h o i c e  t r i a l .  N e i t h e r  arm d e l i v e r e d  
s h o c k .  As i n  t he  f o r c e d - c h o i c e  t r i a l ,  an a v o i d a n c e  r e s p o n s e  was 
r e c o r d e d  i f  t h e  s u b j e c t  p l a c e d  t h r e e  f e e t  o n t o  t h e  f l o o r  o f  e i t h e r  arm 
w i t h i n  10 sec  o f  t h e  r a i s i n g  o f  t h e  two d o o r s .  I f  no a v o i d a n c e  re s p o n s e  
o c c u r r e d ,  a 0 . 5  mA s h o c k ,  0 . 5  sec  e v e r y  1 .0  s e c ,  was d e l i v e r e d  t o  t h e  
f l o o r  o f  t h e  c e n t r a l  c o m p a r t m e n t .  Bo th  t h e  arm e n t e r e d  and t h e  e n t r a n c e  
l a t e n c y  w e r e  r e c o r d e d .  The same p a i r  o f  r a n d o m ly  ch os en  arms was used 
f o r  each o f  t h e  r a t s  d u r i n g  a g i v e n  s e s s i o n .  R a ts  r e c e i v e d  two such 
s e s s i o n s  d a i l y ,  1 h r  i n t e r s e s s i o n  i n t e r v a l ,  f o r  5L d a y s .
S ta y  v s  . Sh i f  t  L e a r n  i n q . F o l l o w i n g  a s se ss m en t  o f  s t r a t e g y  
p r e f e r e n c e ,  each o f  t h e  12 r a t s  was r a n d o m ly  a s s i g n e d  t o  one o f  two 
c o n d i t i o n s .  I n  t h e  ' s t a y '  c o n d i t i o n ,  a w i n - s t a y  s t r a t e g y  was e n f o r c e d ;  
s i m i l a r l y ,  i n  t h e  ' s h i f t '  c o n d i t i o n ,  a w i n - s h i f t  s t r a t e g y  was e n f o r c e d .  
T r a i n i n g  s e s s i o n s  i n  t h i s  phase o f  t h e  e x p e r i m e n t  we r e  i d e n t i c a l  t o  
t h o s e  used i n  d e t e r m i n i n g  s t r a t e g y  p r e f e r e n c e  e x c e p t  t h a t  i n  t h e  s e c o nd ,  
f r e e - c h o i c e  t r i a l ,  o n l y  one o f  t h e  two  arms was f r e e  f r o m  s h o c k .  Fo r  
t h e  ' s t a y '  g r o u p ,  o n l y  t h e  arm e n t e r e d  i n  t h e  f o r c e d - c h o i c e  t r i a l  was 
s a f e ;  f o r  t h e  ' s h i f t '  g r o u p ,  o n l y  t h e  arm 180 d e g r e e s  o p p o s i t e  t h e  arm
e n t e r e d  i n  t h e  f o r c e d - c h o i c e  t r i a l  was s a f e .  I n  b o t h  t a s k s ,  t h e  f l o o r
o f  t h e  o t h e r ,  i n c o r r e c t  arm d e l i v e r e d  sho ck  a t  t h e  same t i m e  and r a t e  as 
t h e  f l o o r  o f  t h e  c e n t r a l  c o m p a r t m e n t .  I n b o t h  t h e  ' s t a y '  and ' s h i f t '  
c o n d i t i o n s ,  a c o r r e c t i o n  p r o c e d u r e  was us e d .  I f  an  a n i m a l  e n t e r e d  an 
i n c o r r e c t  arm and r e m a in e d  t h e r e  f o r  30 sec  a f t e r  t h e  o n s e t  o f  s h o c k ,  i t  
was pushed  o u t  o f  t h e  arm i n t o  t h e  c e n t r a l  co m p a r t m e n t  and t h e n  i n t o  t h e  
c o r r e c t  a r m .  An e r r o r  was s c o r e d  o n l y  i f  t h e  s u b j e c t  e n t e r e d  t h e  
i n c o r r e c t  a rm ,  r e g a r d l e s s  o f  w h e t h e r  i t  was an esca pe  o r  an a v o i d a n c e
r e s p o n s e .  Two such s e s s i o n s  w e re  r u n  d a i l y  f o r  30 d a y s .
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R e s u l t s
S tay  v s ■ S h i f t  P r e f e r e n c e .  P e r f o r m a n c e  and p r e f e r e n c e  d a t a  a r e  
i l l u s t r a t e d  i n  F i g u r e s  2 a - c .  I n  F i g u r e s  2a and 2 b ,  t h e  s o l i d  l i n e  
r e p r e s e n t s  t r i a l  one ( f o r c e d - c h o i c e )  p e r f o r m a n c e ,  w h i l e  t h e  da sh e d  l i n e  
r e p r e s e n t s  t r i a l  two ( f r e e - c h o i c e )  p e r f o r m a n c e .  As can  be seen i n  t h e s e  
tw o  f i g u r e s ,  a n i m a l s  l e a r n e d  q u i c k l y  t o  a v o i d  t h e  sho ck  by e n t e r i n g  
e i t h e r  t h e  one  a v a i l a b l e  arm ( t r i a l  1) o r  one o f  t h e  two a v a i l a b l e  arms 
( t r i a l  2 ) .  F i g u r e  2c i l l u s t r a t e s  a v e r a g e  p e r c e n t  ' s t a y '  r e s p o n s e s  
a c r o s s  t h e  12 r a t s  as a f u n c t i o n  o f  s e s s i o n s .  T h e r e  was no c o n s i s t e n t  
p r e f e r e n c e  e i t h e r  t o  s t a y  o r  t o  s h i f t  (mean p e r c e n t  s t a y  •* 4 8 . 8 1 ,  s . e . m .  
= 2 . 7 7 ,  t  -  - 0 . 4 3 ,  p -  0 . 6 7 )
S tay  v s . S h i f t  Le a r  n i n q . F i g u r e  3 i l l u s t r a t e s  av e ra g e  e r r o r s  f o r  
each  g r o u p  o f  r a t s  a c r o s s  t h e  60 t r a i n i n g  s e s s i o n s ,  g ro up ed  i n  b l o c k s  o f  
10 s e s s i o n s .  An ' e r r o r '  f o r  a n i m a l s  i n  t h e  ' s t a y '  g r o u p  c o n s i s t e d  o f  
e n t e r i n g  t h e  arm in  t h e  f r e e - c h o i c e  t r i a l  w h i c h  was o p p o s i t e  t o  t h a t  
e n t e r e d  on t h e  f o r c e d - c h o i c e  t r i a l ;  s i m i l a r l y ,  an e r r o r  was r e c o r d e d  f o r  
a n i m a l s  i n  t h e  ' s h i f t '  c o n d i t i o n  i f  on  t h e  f r e e - c h o i c e  t r i a l  t h e y  
e n t e r e d  t h e  same arm as was e n t e r e d  on  t h e  f o r c e d - c h o i c e  t r i a l .  The 
s o l i d ,  h o r i z o n t a l  l i n e  i n  F i g u r e  3 r e p r e s e n t s  c h a n c e  p e r f o r m a n c e .
O v e r a l l ,  t h e  p e r f o r m a n c e  o f  b o t h  g r o up s  a p p e a r s  t o  be w e l l  be lo w  
c h a n c e .  An a n a l y s i s  o f  t o t a l  e r r o r s  a c r o s s  t h e  f i n a l  30 t r a i n i n g  
s e s s i o n s  r e v e a l e d  a s i g n i f i c a n t  d i f f e r e n c e  be twe en  ' s h i f t '  and ' s t a y '  
g r o u p s  (mean e r r o r s  ' s t a y '  •  1 1 . 7 ,  mean e r r o r s  ' s h i f t '  «  5 - 3 3 ,  

























F i g u r e s  2A-C .  Response l a t e n c y ,  p e r c e n t  a v o i d a n c e  r e s p o n s e s ,  and 
p e r c e n t  ' s t a y '  r e s p o n s e s  a c r o s s  a l l  28 s t a y  v s .  s h i f t  p r e f e r e n c e  
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F i g u r e  3- A v e r a g e  e r r o r s  p e r  an im a l  i n  each g r o u p  a c r o s s  s i x  b l o c k s  o f  
10 s e s s i o n s .
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D i sc uss  ion
Th es e  d a t a  i n d i c a t e  t h a t ,  u n e x p e c t e d l y ,  r a t s  show no p r e f e r e n c e  f o r  
e i t h e r  a w i n - s t a y  o r  a w i n - s h i f t  s t r a t e g y  when f a c e d  w i t h  t h e  t ask  o f  
a v o i d i n g  s ho c k .  F u r t h e r ,  and p e r h a p s  more u n e x p e c t e d l y ,  r a t s  a re  more 
e f f i c i e n t  i n  l e a r n i n g  a w i n - s h i f t  av o id a n c e  s t r a t e g y .  I t  i s  u n c l e a r  why 
t h i s  m i g h t  be t h e  c a s e ;  ho we ve r ,  among t he  a d v a n t a g e s  o f  r e c o u r s e  to  
e v o l u t i o n a r y  t h e o r y  i n  s e a r c h i n g  f o r  ' e x p l a n a t i o n s '  o f  b e h a v i o r  i s  t h e  
f r e e d o m  t o  s p e c u l a t e .  From an e v o l u t i o n a r y  p e r s p e c t i v e ,  i t  may be 
a d a p t i v e  f o r  o r g a n i s m s  t o  seek s a f e t y  i n  n o v e l  l o c a t i o n s .  Imag ine  a r a t  
f l e e i n g  f r o m  a p u r s u i n g  p r e d a t o r .  R e t u r n i n g  c o n s i s t e n t l y  t o  t h e  same 
r e f u g e  c o u l d  c o n c e i v a b l y  be a m a l a d a p t i v e  e s c a p e  s t r a t e g y .  A l l  t h i n g s  
b e i n g  e q u a l  (such as d i s t a n c e  f r o m  th e  p r e d a t o r ) ,  u n p r e d i c t a b i  l i t y  i n  
esc ap e  l o c a t i o n s  a c r o s s  escape e p i s o d e s  may b e  a more a d a p t i v e  escape 
s t r a t e g y .
R e g a r d l e s s  o f  t h e  p o t e n t i a l  e v o l u t i o n a r y  d e t e r m i n e r s  o f  w i n - s h i f t  
a v o i d a n c e  b e h a v i o r ,  i t  i s  c l e a r  t h a t ,  i n d e e d ,  r a t s  do l e a r n  a s h i f t  
s t r a t e g y  more e f f i c i e n t l y .  M ore  i m p o r t a n t l y ,  t h i s  p a r a d ig m  can  be use d  
t o  i n v e s t i g a t e  t h e  t e m p o r a l  de pe nd enc e  o f  l e u p e p t i n ' s  e f f e c t s  on 
a v e r s i v e l y  m o t i v a t e d  s p a t i a l  memory by i n t r o d u c i n g  a v a r i a b l e  d e la y  
be t w e e n  t h e  f o r c e d - c h o i c e  and f r e e - c h o i c e  t r i a l s .  F u r t h e r ,  l e u p e p t i n ' s  
e f f e c t s  on  p r e v i o u s l y  l e a r n e d  a v o i d a n c e  r e s p o n d i n g  can be t e s t e d  by 
t r a i n i n g  a n i m a l s  on t h i s  t a s k  p r i o r  t o  t h e  i n f u s i o n  o f  t h e  d r u g .
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I I I .  EXPERIMENT THREE 
The T e m p o r a l l y  Dependent  E f f e c t s  o f  L e u p e p t i n  on 
A v e r s i v e l y  M o t i v a t e d  S p a t i a l  Memory
P h a r m a c o l o g i c a l  m a n i p u l a t i o n s  i n h i b i t i n g  c a l p a i n ' s  a c t i o n  a r e  
p r e d i c t e d  t o  i m p a i r  memory i n  a t i m e - d e p e n d e n t  man ne r .  G i v en  t h a t  t h e  
h a l f - m a x i m a l  e f f e c t  o f  c a l c i u m - a c t i v a t e d  c a l p a i n  on g l u t a m a t e  r e c e p t o r s  
o c c u r s  b e t w e e n  1-2 m i n ,  and r e a c h e s  a s y m p t o t e  be tween  1 0 - 1 5  m in  ( B a u d r y  
e t  a l . ,  1 9 8 3 ) ,  one w o u l d  e x p e c t  p r o t e i n a s e  i n h i b i t o r s  t o  i m p a i r  memory 
i n  a s i m i l a r l y  t i m e - d e p e n d e n t  f a s h i o n .  I f  t h i s  c a l p a i n  mechan i sm i s  a 
memory mechan i sm i t  w o u l d  be i n v o k e d  o n l y  i n  s i t u a t i o n s  i n  w h i c h  an 
o r g a n i s m  was r e q u i r e d  t o  ' r e m e m b e r '  i n f o r m a t i o n  o v e r  a c r i t i c a l l y  l o n g  
t i m e  p e r i o d ,  p e r h a p s  10 -15  m i n .  F u r t h e r ,  l e u p e p t i n  w o u l d  be e x p e c t e d  t o  
l e a v e  s h o r t e r - t e r m  m em o r ie s  i n t a c t ,  i m p a i r i n g  memory o n l y  d u r i n g  l o n g e r  
r e t e n t i o n  i n t e r v a l s .  F i n a l l y ,  i n h i b i t i o n  o f  t h e  c a l p a i n  mechan i sm 
s h o u l d  i m p a i r  t h e  a c q u i s i t i o n  o f  new i n f o r m a t i o n  o n l y ;  p r e v i o u s l y  
w e l l - l e a r n e d  re s p o n s e s  have p r e s u m a b l y  a l r e a d y  r e s u l t e d  i n  t h e  i n d u c t i o n
o f  LTP, a n d ,  t h e o r e t i c a l l y ,  i n h i b i t i n g  t h e  c a l c i u m - c a l p a i n  i n t e r a c t i o n
s h o u l d  l e a v e  e x i s t i n g  LTP and e x i s t i n g  memory u n d i s r u p t e d .
The p u r p o s e  o f  t h e  p r e s e n t  e x p e r i m e n t  was t w o f o l d :  f i r s t ,  t o
p r o v i d e  c o n c r e t e  e v i d e n c e  o f  a t e m p o r a l l y  d e p e n d e n t  e f f e c t  o f  l e u p e p t i n  
o n  memory,  and s e co nd ,  t o  d e t e r m i n e  l e u p e p t i n ' s  e f f e c t  on  p r e v i o u s l y  
w e l l  l e a r n e d  a v o i d a n c e  r e s p o n s e s .  The w i n - s h i f t  a v o i d a n c e  t a s k
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d e s c r i b e d  i n  E x p e r i m e n t  Two was us e d ,  b u t  a d e l a y  o f  v a r i a b l e  l e n g t h  was 
imposed be tween  t h e  f o r c e d -  and f r e e - c h o i c e  t r i a l s .  T he  w i n - s h i f t  
s t r a t e g y  was cho sen  be acu se  o f  t h e  p r o f i c i e n c y  w i t h  w h i c h  r a t s  l e a r n e d  
t h i s  t a s k  i n  E x p e r i m e n t  Two.
Method
Sub i e c t s
T w e n t y - f i v e  ma l e  Sp ra gu e  Paw ley  r a t s  ( C h a r l e s  R i v e r s  B r e e d i n g  
L a b o r a t o r i e s ) ,  p u r c h a s e d  a t  w e a n i n g ,  s e r v e d  as s u b j e c t s .  S u b j e c t s  we r e  
r a i s e d  i n  r a c k  moun ted w i r e  mesh cages ( 2L cm x 20 cm x 18 cm) u n t i l  s i x
mon ths  o f  age .  They were  h a n d l e d  and w e ig h e d  t w i c e  w e e k l y  d u r i n g  t h i s
p e r i o d  t o  r e n d e r  them d o c i l e .  A t  age s i x  m on th s ,  s u b j e c t s  were
t r a n s f e r r e d  t o  r a c k  moun ted  c l e a r  p l a s t i c  t u b s  (A5 cm x 2 k cm x 20 cm),
w h i c h  s e r v e d  as t h e i r  home ca g e  t h r o u g h o u t  t h e  e x p e r i m e n t .  S u b j e c t s  
w e r e  m a i n t a i n e d  i n  an e n v i r o n m e n t a 1 I y  c o n t r o l l e d  v i v a r i u m  in  t h e  
D e p a r tm e n t  o f  P s y c h o l o g y ,  U n i v e r s i t y  o f  New H a m p s h i r e ,  on  a 12 :12  
l i g h t : d a r k  c y c l e ,  l i g h t s  on a t  0700 .  Food and w a t e r  w e r e  a v a i l a b l e  ad 
1 i b i  t urn.
A p p a r a t u s
The f o u r  arm r a d i a l  maze a d a p te d  f o r  a v o i d a n c e  c o n d i t i o n i n g ,  
d e s c r i b e d  i n  d e t a i l  i n  E x p e r i m e n t  Two,  was us e d .  C a n n u la e  and o s m o t i c  
m i n i p u m p s ,  d e s c r i b e d  i n  E x p e r i m e n t  One, w e r e  a l s o  u s e d .
P r o c e d u r e
A l l  b e h a v i o r a l  t r a i n i n g  and t e s t i n g  was c o n d u c t e d  d u r i n g  t h e  l i g h t  
c y c l e ,  and t o o k  p l a c e  i n  a room l o c a t e d  a p p r o x i m a t e l y  20 m f ro m  t h e  
v i v a r i u m .  S u b j e c t s  we r e  w h e e l e d  t o  t h e  t r a i n i n g  room i n  t h e i r  home
cages  i n  squads o f  e i g h t  o r  n i n e .  A f t e r  a l l  s u b j e c t s  i n  a squad  were  
r u n ,  t h e y  we re  r e t u r n e d  t o  t h e  v i v a r i u m .  The w a l i s  and f l o o r  o f  t he  
e n t i r e  a p p a r a t u s  we r e  w ip e d  w i t h  a damp sponge and d r i e d  w i t h  a paper  
t o w e l  be tw ee n  t r i a l s  t o  m i n i m i z e  o l f a c t o r y  cu es .
Acqu i s i t  i o n ■ On t h e  f i r s t  day  o f  t r a i n i n g ,  a n i m a l s  w e re  p l a c e d  
i n d i v i d u a l l y  i n t o  t h e  c e n t r a l  co m p a r t m e n t  o f  t h e  a p p a r a t u s  and a l l o w e d  
t o  e x p l o r e  t h e  f o u r  arms f r e e l y  f o r  f i v e  m i n u t e s .  S h i f t  t r a i n i n g  
f o l l o w e d  t h i s  a c q u a i n t a n c e  p r o c e d u r e .
A l l  s u b j e c t s  w e r e  g i v e n  35 ‘ f o r c e d - s h i f t 1 s e s s i o n s ,  each o f  w h i c h  
was c o m p r i s e d  o f  two  f o r c e d - c h o i c e  a v o i d a n c e  t r i a l s .  In t r i a l  o n e ,  t he  
s u b j e c t  was p l a c e d  i n t o  t h e  c e n t r a l  c o m p a r t m e n t ,  and a t r i a l  be gan  10 
sec l a t e r  when a r a n d o m l y  chosen  d o o r  was r a i s e d .  An a v o i d a n c e  re sp on s e  
was r e c o r d e d  i f  t h e  s u b j e c t  p l a c e d  t h r e e  f e e t  o n t o  t h e  f l o o r  o f  t h e  
a c c e s s i b l e  arm w i t h i n  10 sec a f t e r  t r i a l  o n s e t .  I f  no a v o i d a n c e  
r e s p o n s e  o c c u r r e d ,  a 0 . 5  mA s h o c k ,  0 . 5  sec  e v e r y  1 . 0  s e c ,  was d e l i v e r e d  
t o  t h e  f l o o r  o f  t h e  c e n t r a l  c o m p a r t m e n t .  L a t e n c y  t o  e n t e r  t h e  arm was 
r e c o r d e d .  The s u b j e c t  was r e t a i n e d  i n  t h e  arm f o r  30 se c ,  a f t e r  w h i c h  
i t  was p l a c e d  i m m e d i a t e l y  i n t o  t h e  c e n t r a l  c o m p a r t m e n t .
T r i a l  two began 10 sec l a t e r  w i t h  r a i s i n g  t h e  d o o r  l e a d i n g  t o  t h e  
arm 180 de g re e s  o p p o s i t e  t h e  arm e n t e r e d  on t r i a l  o n e .  C o n t i n g e n c i e s  o f  
a v o i d a n c e  i d e n t i c a l  t o  t h o s e  i n  t r i a l  one p r e v a i l e d  i n  t r i a l  t w o .  A f t e r  
a 30 sec  c o n f i n e m e n t  p e r i o d  f o l l o w i n g  t r i a l  tw o ,  t h e  an im a l  was r e t u r n e d  
t o  i t s  home cag e .  S u b j e c t s  r e c e i v e d  t h r e e  t o  f i v e  d a i l y  s e s s i o n s ,  w i t h  
a one h o u r  i n t e r s e s s i o n  i n t e r v a l ,  se v e n  da ys  a w ee k .
F o l l o w i n g  f o r c e d - s h i f t  t r a i n i n g ,  s u b j e c t s  r e c e i v e d  JO s h i f t  
s e s s i o n s .  These  s e s s i o n s  w e r e  i d e n t i c a l  t o  t h e  s h i f t  s e s s i o n s  d e s c r i b e d  
i n  E x p e r i m e n t  Two.  B r i e f l y ,  s e s s i o n s  w e re  composed o f  a f o r c e d - c h o i c e  
t r i a l ,  i n  w h i c h  o n l y  one d o o r  was r a i s e d  and t h e  c o r r e s p o n d i n g  arm was 
f r e e  f r o m  s h o c k ,  and a f r e e - c h o i c e  t r i a l ,  i n  w h i c h  tw o  d o o r s  we r e  r a i s e d  
b u t  o n l y  one o f  t h e  c o r r e s p o n d i n g  arms was f r e e  f r o m  s h o c k .  A c o r r e c t  
r e s p o n s e  c o n s i s t e d  o f  e n t e r i n g  on t h e  f r e e - c h o i c e  t r i a l  t h e  arm o p p o s i t e  
t h e  arm e n t e r e d  on t h e  f o r c e d - c h o i c e  t r i a l .  A c o r r e c t i o n  p r o c e d u r e  was 
us e d .  An e r r o r  was s c o r e d  o n l y  i f  t h e  s u b j e c t  e n t e r e d  t h e  i n c o r r e c t  
a rm,  r e g a r d l e s s  o f  w h e t h e r  i t  was an e s c a p e  o r  an a v o i d a n c e  r e s p o n s e .  
F a i l u r e  t o  a v o i d  t h e  shoc k  b u t  e n t e r i n g  t h e  c o r r e c t  a rm  was n o t  s c o r e d  
as an e r r o r .
A c q u i s i t i o n  o f  t h e  s h i f t  s t r a t e g y  a t  no  d e l a y  was f o l l o w e d  by a 
s e r i e s  o f  s e s s i o n s  i n  w h i c h  i n c r e a s i n g l y  l o n g e r  d e l a y s  w e r e  imposed 
be tw ee n  t h e  f o r c e d -  and f r e e - c h o i c e  t r i a l s .  F o l l o w i n g  a f o r c e d - c h o i c e  
t r i a l  and t h e  su b s e q u e n t  30  s e c  c o n f i n e m e n t  p e r i o d ,  t h e  s u b j e c t  was 
r e t u r n e d  t o  i t s  home cage f o r  a v a r i a b l e  d e l a y .  D e l a y s  we r e  measured 
f r o m  t h e  t i m e  o f  e n t r y  i n t o  t h e  arm on t h e  f o r c e d - c h o i c e  t r i a l  t o  t h e  
s t a r t  o f  t h e  f r e e - c h o i c e  t r i a l ;  t h u s ,  t h e  30 sec  c o n f i n e m e n t  p e r i o d  was 
i n c l u d e d  i n  t h e  d e l a y .  L e n g t h  o f  t h e  imposed d e l a y  i n c r e a s e d  g r a d u a l l y  
f r o m  1 m i n  t o  30 m i n .  S u b j e c t s  w e re  r u n  i n  30 s e s s i o n s  w i t h  1 m in  
d e l a y ,  f o l l o w e d  by 10 s e s s i o n s  each w i t h  d e l a y s  o f  3 m i n ,  6 m i n ,  9 m i n ,  
15 m i n ,  and f i n a l l y  30 m i n .  T h r e e  t o  f i v e  such  s e s s i o n s  wer e  r u n  d a i l y ,  
se v e n  da ys  a week .  The f i n a l  30 s e s s i o n s  c o n s i s t e d  o f  d e l a y s  o f  1 m in ,  
15 m i n ,  and 30 m i n ,  c o u n t e r b a l a n c e d  a c r o s s  d a y s .  T h e s e  f i n a l  30 
s e s s i o n s  w e r e  c o n d u c t e d  a t  t h e  r a t e  o f  f i v e  p e r  day  f o r  s i x  d a y s .
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I n d i v i d u a l  p e r c e n t  c o r r e c t  r e s p o n s e s  f o r  each o f  t h e  15 min  and 30 m i n  
d e l a y s  i n  t h e s e  f i n a l  30 c o u n t e r b a l a n c e d  s e s s i o n s  w e r e  combined w i t h  
s i m i l a r  d a t a  f r om  t h e  p r e v i o u s  10 n o n c o u n t e r b a l a n c e d  s e s s i o n s  a t  t h o s e  
d e l a y s ,  y i e l d i n g  a t o t a l  o f  20 s e s s i o n s  a t  each d e l a y .  S i m i l a r l y ,  t h e  
d a t a  f r o m  t h e  1 min d e l a y  c o u n t e r b a l a n c e d  s e s s i o n s  w e re  comb ined w i t h  
t he  d a t a  f r o m  t he  f i n a l  10 s e s s i o n s  o f  t h e  30 t o t a l  s e s s i o n s  ru n  
p r e v i o u s l y  a t  1 m in  d e l a y .  Based on t h e s e  comb ined  c h o i c e  d a t a ,  
s u b j e c t s  w e r e  a s s i g n e d  t o  two g r o u p s  so as t o  be a b o u t  equa l  i n  p e r c e n t  
c o r r e c t  r e s p o n s e s  a c r o s s  t h e  t h r e e  d e l a y s .  T w e l v e  s u b j e c t s  c o m p r i s e d  
the  s a l i n e  ( c o n t r o l )  g r o u p ,  t h i r t e e n  c o m p r i s e d  t h e  l e u p e p t i n  
( e x p e r i m e n t a l )  g r o u p .
S u r g e r y . S u r g i c a l  p r o c e d u r e s  commenced f o l l o w i n g  t he  f i n a l  d a y  o f  
a c q u i s i t i o n  t r a i n i n g .  A n i m a l s  w e r e  a n e s t h e t i z e d  and c a n n u l a t e d ,  a n d  t he  
o s m o t i c  m i n i  pumps c o n t a i n i n g  e i t h e r  s a l i n e  (0.9%) o r  l e u p e p t i n  (8 mg /  
ml )  w e r e  i m p l a n t e d  as  d e s c r i b e d  i n  E x p e r i m e n t  One.
T e s t i  n g .  F o l l o w i n g  two d a y s '  p o s t - s u r g i c a l  r e c o v e r y ,  s u b j e c t s  were 
run f o r  12 c o n s e c u t i v e  d a y s ,  f i v e  s e s s i o n s  p e r  d a y ,  y i e l d i n g  20 s e s s i o n s  
a t  each o f  t h e  d e l a y s  o f  1 m i n ,  15 m in ,  and 30 m i n .  D e la ys  v a r i e d  
ac r o ss  d a y s  b u t  we re  k e p t  c o n s t a n t  on a g i v e n  d a y .  The o r d e r  o f  d e l a y  
p r e s e n t a t i o n  was as f o l l o w s :  1 m i n ,  1 m i n ,  15 m i n ,  15 m in ,  30 m i n ,  30
m in ,  1 m i n ,  15 m in ,  30 m i n ,  30 m i n ,  15 m i n ,  1 m i n .  F o r c e d - c h o i c e  t r i a l  
r es p on se  l a t e n c y  was r e c o r d e d ,  as  w e r e  f r e e - c h o i c e  t r i a l  r e s p o n s e  
l a t e n c y  t o  t h e  f i r s t  e n t r y ,  l a t e n c y  t o  t h e  c o r r e c t  e n t r y  i f  t h e  f i r s t  
e n t r y  c o m p r i s e d  an e r r o r ,  and e r r o r s .
P.esul t s
A c o u i s i  t i o n .  A v o i d a n c e  p e r f o r m a n c e  d u r i n g  t h e  i n i t i a l  35 
f o r c e d - s h i f t  s e s s i o n s  and d u r i n g  t h e  s h i f t  s e s s i o n s  a t  z e r o  and
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i n c r e a s i n g  d e l a y s  i s  shown i n  F i g u r e  1*. Av e r a ge  p e r c e n t  a v o i d a n c e  
r e s p o n s e s  f o r  t h e  f o r c e d - s h i f t  phase o f  t h e  e x p e r i m e n t  a r e  g r o u p e d  i n  
b l o c k s  o f  f i v e  s e s s i o n s .  Av e rage  p e r c e n t  a v o i d a n c e  r e s p o n s e s  f o r  t he  
s h i f t  s e s s i o n s  a r e  g ro u p e d  i n  b l o c k s  o f  10 s e s s i o n s .  U n d e r l i n e d  d e l a y s  
r e p r e s e n t  b l o c k s  o f .  10 s e s s i o n s  i n  w h i c h  d e l a y  l e n g t h  was 
c o u n t e r b a l a n c e d  a c r o s s  d a y s .  The s o l i d  l i n e  r e p r e s e n t s  t r i a l  one 
p e r f o r m a n c e ,  t h e  dashed l i n e  t r i a l  tw o  p e r f o r m a n c e .  As shown ,  s u b j e c t s  
l e a r n e d  q u i c k l y  t o  a v o i d  t h e  shock d u r i n g  t h e  f o r c e d - s h i f t  s e s s i o n s .  
A vo id a n c e  p e r f o r m a n c e  d e c l i n e d  s l i g h t l y  d u r i n g  t h e  s h i f t  s e s s i o n s  a t  
z e r o  d e l a y ,  and appe a r  t o  d e c l i n e  f u r t h e r  d u r i n g  d e l a y  t r i a l s .  For  t h e  
f i n a l  30 s e s s i o n s  c o u n t e r b a l a n c e d  f o r  d e l a y  a c r o s s  d a ys ,  60 .33% o f  t he  
s u b j e c t s  w e r e  a v o i d i n g  t h e  shock  on t h e  f o r c e d - c h o i c e  t r i a l  ( t r i a l  one)  
and 63-6% on t h e  f r e e - c h o i c e  t r i a l  ( t r i a l  t w o ) .
S h i f t  a c q u i s i t i o n  a t  z e r o  and i n c r e a s i n g  d e l a y s  i s  i l l u s t r a t e d  i n  
F i g u r e  3,  w h i c h  shows t h e  a v e r a g e  number  o f  e r r o r s  pe r  a n im a l  w i t h i n  
b l o c k s  o f  10 s e s s i o n s .  An e r r o r  c o n s i s t e d  o f  e n t e r i n g  t h e  arm on t he  
f r e e - c h o i c e  t r i a l  w h i c h  was e n t e r e d  on  t h e  f o r c e d - c h o i c e  t r i a l  o f  a 
g i v e n  s e s s i o n .  These d a t a  do n o t  d i f f e r e n t i a t e  be tween  a v o i d a n c e  and 
esc ap e  r e s p o n s e s .  The s o l i d ,  h o r i z o n t a l  l i n e  r e p r e s e n t s  ch a n c e  
p e r f o r m a n c e  (5 e r r o r s  i n  10 s e s s i o n s ) .  U n d e r l i n e d  d e l a y s  r e p r e s e n t  
b l o c k s  o f  10 s e s s i o n s  i n  w h i c h  d e l a y  l e n g t h  was c o u n t e r b a l a n c e d  a c r o s s  
d a y s .
As can  b e  seen i n  F i g u r e  5> a n i m a l s  im p ro ve d  r a p i d l y  o v e r  t h e  70 
s e s s i o n s  a t  z e r o  d e l a y ,  w i t h  e r r o r  r a t e s  w e l l  b e l o w  cha nce  a t  d e l a y s  as 
1ong as 30 m i n .



































F i g u r e  U. Av e ra ge  p e r c e n t  a v o i d a n c e  r e s p o n s e s  d u r i n g  35 F o r c e d - s h i f t  
s e s s i o n s ,  70 S h i f t - a c q u i s i t i o n  s e s s i o n s  (0 d e l a y )  and 110 d e l a y  
s e s s i o n s .  Da ta  f r o m  a l l  25 s u b j e c t s  a r e  g r o u p e d  i n  b l o c k s  o f  5 s e s s i o n s  
f o r  t h e  F o r c e d - s h i f t  phas e .  The r e m a i n d e r  a r e  g r o up ed  i n  b l o c k s  o f  10 




F i g u r e  5 -  Mean e r r o r s  per  an im a l  a c r o s s  70 S h i f t - a c q u i s i t i o n  s e s s i o n s  
(0 d e l a y )  and 110 d e l a y  s e s s i o n s .  Data f r o m  a l l  25 s u b j e c t s  a r e  g ro up ed  
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DELAY
F i g u r e  6 .  Av e r a ge  p e r c e n t  c o r r e c t  as a f u n c t i o n  o f  d e l a y  and c o n d i t i o n  
<± I s )  .
























F i g u r e  7.  A v e r a g e  p r e s u r g e r y  -  p o s t s u r g e r y  a v o i d a n c e  d i f f e r e n c e  s c o r e s  
{+ 1 s . e . m . )  .
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TABLE 1
S o u r c e d f F P
Cond i t  i on 1 .23 6 . 2 6 2 . 0 2 0 * *
T r  i a 1 1 .23 2 . 2 0 6 • 151
De 1 ay 2 , 4 6 1 .189 • 314
Con by  T r i a l 1 .23 0 .0 9 2 .764
Con by  De lay 2 . 4 6 0 . 7 5 8 .474
T r i a l  by  De lay 2 , 4 6 0 .7 8 7 . 461
Con by  T r i a l  by  D e la y 2 , 4 6 0 .3 0 8 • 737
T a b l e  1.  A n a l y s i s  o f  v a r i a n c e  f o r  p r e s u r g i c a l  -  p o s t s u r g i c a l  a v o i d a n c e  
d i f f e r e n c e  s c o r e s .
Page 3
p o s t s u r g i c a l  c h o i c e  p e r f o r m a n c e  f o r  t h e  two g r o u p s  o f  s u b j e c t s ,  p l o t t e d  
as a v e r a g e  p e r c e n t  c o r r e c t  a c r o s s  t h e  t w e n t y  s e s s i o n s  a t  each d e l a y .
Open b a r s  r e p r e s e n t  s a l i n e  g r o u p  p e r f o r m a n c e ,  f i l l e d  b a r s  r e p r e s e n t  
l e u p e p t i n  g r o u p  p e r f o r m a n c e .
P o s t s u r g i c a l  p e r c e n t  c o r r e c t  r e s p o n s e s  wer e  n o r m a l i z e d  by t h e  
p r o b i t  t r a n s f o r m a t i o n  ( l o g  r a t i o  c o r r e c t / i n c o r r e c t ) . A r e p e a t e d  
meas u re s  a n a l y s i s  o f  v a r i a n c e  on t h e s e  t r a n s f o r m e d  s c o r e s  r e v e a l e d  a 
s i g n i f i c a n t  e f f e c t  o f  d e l a y  o n l y  ( D e l a y :  F « 2 2 . 1 9 5 ,  d f  "  2 . A 6 ,  p <
. 0 0 1 ) .  N e i t h e r  t h e  c o n d i t i o n  no r  t h e  c o n d i t i o n  by d e l a y  i n t e r a c t i o n  
we re  s i g n i f i c a n t  ( C o n d i t i o n :  F = 1 . 5 3 ,  d f  = 1 , 2 3 ,  P = -2 2 9 ;  C o n d i t i o n
by D e l a y :  F *  0 . 4 A 7 ,  d f  « 2 , ! *6 ,  p *  . 6 A 2 ) .  On t h e  o t h e r  hand ,  p a i r w i s e
c o m p a r i s o n s  o f  t h e  p e r c e n t  c o r r e c t  d a t a  u s i n g  t h e  f t a n n - W h i t n e y  t e s t  o f  
s i g n i f i c a n c e  r e v e a l e d  a s i g n i f i c a n t  d i f f e r e n c e  be tw ee n  s a l i n e  and 
l e u p e p t i n  t r e a t e d  r a t s  a t  t h e  30 m in  d e l a y  o n l y  (mean p e r c e n t  c o r r e c t  
l e u p e p t i n  » 6 6 . 9 ,  mean p e r c e n t  c o r r e c t  s a l i n e  » 7 7 * 5 ,  M a n n -W h i t n e y  U -  
3 2 , p< . 0 1 ,  one t a i l e d ) .
L e u p e p t i n ' s  e f f e c t s  on a v o i d a n c e  p e r f o r m a n c e  a r e  i l l u s t r a t e d  i n  
F i g u r e  7 ,  w h i c h  shows t h e  mean d i f f e r e n c e  be twe en  t h e  number o f  
p r e s u r g i c a l  a v o i d a n c e  r e s p o n s e s  and p o s t s u r g i c a l  a v o i d a n c e  r e s p o n s e s  f o r  
t h e  t w o  g r o u p s  as  a f u n c t i o n  o f  d e l a y  l e n g t h .  Open b a r s  r e p r e s e n t  t he  
a v e r a g e  d i f f e r e n c e  s c o r e s  f o r  r a t s  r e c e i v i n g  s a l i n e ,  f i l l e d  b a r s  
r e p r e s e n t  t h e  a v e r a g e  d i f f e r e n c e  s c o r e s  f o r  r a t s  r e c e i v i n g  l e u p e p t i n .  
Because  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  i n  a v o i d a n c e  d i f f e r e n c e  
s c o r e s  be tween  f o r c e d -  and f r e e - c h o i c e  t r i a l s  ( T r i a l ,  F - 2 . 2 0 6 ,  d f "  1 ,2 3 .  
p - . 151) ,  t h e  d a t a  d e p i c t e d  a r e  a v e r a g e  d i f f e r e n c e  s c o r e s  a c r o s s  a n i m a l s  
and f o r c e d  and f r e e - c h o i c e  t r i a l s .
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The r e s u l t s  o f  an a n a l y s i s  o f  v a r i a n c e  on p r e s u r g i c a 1- p o s t s u r g i c a 1 
a v o id a n c e  s c o r e s  ( see T a b l e  1) i n d i c a t e  t h a t  l e u p e p t i n  t r e a t e d  r a t s  made 
s i g n i f i c a n t l y  f e w e r  a v o i d a n c e  r e s p o n s e s  a f t e r  s u r g e r y  t h a n  r a t s  t r e a t e d  
w i t h  s a l i n e  ( C o n d i t i o n ,  F*»6.262,  p^ .OZ) .  None o f  t h e  o t h e r  ma i n  e f f e c t s  
o r  i n t e r a c t i o n s  was s i g n i f i c a n t .
D i sc uss  i o n
These  d a t a  a r e  s i g n i f i c a n t  f o r  two r e a s o n s .  F i r s t ,  i t  i s  c l e a r  
t h a t  i n d e e d  l e u p e p t i n  w i l l  i m p a i r  memory i n  an a v e r s i v e l y  m o t i v a t e d  
t a s k ;  t h i s  c o n c l u s i o n  i s  s i g n i f i c a n t  i n  l i g h t  o f  S t a u b l i  e t  a l . ' s  (1981*) 
c o n c l u s i o n  t o  t h e  c o n t r a r y .  Second,  and p e r h a p s  more i m p o r t a n t ,  t h e s e  
a r e  t h e  f i r s t  d a t a  c h r o n i c l i n g  t h e  t i m e  de pendence  o f  a 
1e u p e p t i n - i n d u c e d  b e h a v i o r a l  d e f i c i t  i n  any  t a s k .  A t i m e  d e p e n d e n t  
b e h a v i o r a l  e f f e c t  o f  l e u p e p t i n ,  as i l l u s t r a t e d  by t h e  r e s u l t s  o f  
p a i r w i s e  c o m p a r i s o n s  u s i n g  t h e  M an n -W h i t n e y  t e s t  o f  s i g n i f i c a n c e ,  i s  
c o n s i s t e n t  w i t h  w h a t  m i g h t  be  p r e d i c t e d  f r o m  Lynch  £ B a u d r y ' s  
b i o c h e m i c a l  t h e o r y  o f  memory g i v e n  t h e  e x i s t e n t  d a t a  r e g a r d i n g  t h e  t i m e  
c o u r s e  o f  c a l c i u m - s t i m u l a t e d  g l u t a m a t e  b i n d i n g .
The p r e s e n t  e x p e r i m e n t  r a i s e s  two q u e s t i o n s .  F i r s t ,  why d i d  
l e u p e p t i n  i m p a i r  p o s t s u r g i c a l  a v o i d a n c e  p e r f o r m a n c e ?  Second ,  why d i d  
l e u p e p t i n ' s  e f f e c t s  on c h o i c e  p e r f o r m a n c e  n o t  r e f l e c t  e x a c t l y  t h e  t i m e  
co u rs e  o f  t h e  c a l c i u m - c a l p a i n  mechan ism? S p e c i f i c a l l y ,  why was no 
d e f i c i t  o b s e r v e d  a t  t h e  15 m in  d e l a y ?
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L e u p e p t i n ' s  e f f e c t s  on p r e v i o u s l y  a c q u i r e d  a v o i d a n c e  r e s p o n s e s  i s  
i n d i c a t i v e  o f  one o f  two t h i n g s .  One, l e u p e p t i n  may be d i s r u p t i n g  
p r e v i o u s l y  a c q u i r e d  m em o r ie s ,  i n d u c i n g  r e t r o g r a d e  a m n e s i a .  T h i s  
p o s s i b i l i t y  can  a l m o s t  c e r t a i n l y  be r u l e d  o u t  g i v e n  t h a t  s a l i n e  and 
l e u p e p t i n  t r e a t e d  r a t s  behaved  so s i m i l a r l y  i n  t h e i r  c h o i c e  p e r f o r m a n c e  
i n  p o s t s u r g i c a l  t r i a l s  w i t h  s h o r t  d e l a y s .  F u r t h e r ,  Lynch & B a u d r y ' s  
t h e o r y  w o u ld  p r e d i c t  t h a t  l e u p e p t i n  s h o u l d  n o t  i m p a i r  p r e v i o u s l y  
a c q u i r e d  b e h a v i o r  be cau se  p r e s u m a b l y  t h e  c a I c i u m - c a I  p a i n  mechan i sm has 
a l r e a d y  r e s u l t e d  i n  an i n d u c t i o n  o f  LTP a s s o c i a t e d  w i t h  t h a t  
a c q u i s i t i o n .  A second  p o s s i b i l i t y  i s  t h a t ,  among i t s  unknown e f f e c t s ,  
l e u p e p t i n  i m p a i r s  s e n s o r y ,  m o t i v a t i o n a l ,  o r  m o t o r  p r o c e s s e s ,  a l l  o f  
w h i c h  c o u l d  a c c o u n t  f o r  t h e  o b s e r v e d  i m p a i r m e n t  o f  p r e v i o u s l y  l e a r n e d  
a v o i d a n c e  r e s p o n d i n g .  In a s e r i e s  o f  c o n t r o l  s t u d i e s ,  S t a u b l i  e t  a l .
( 1984)  f o u n d  t h a t  l e u p e p t i n  d e l i v e r e d  i n  c o n c e n t r a t i o n s  i d e n t i c a l  t o  
t h o s e  used i n  t h e  p r e s e n t  e x p e r i m e n t s  d i d  n o t  a f f e c t  s p o n t a n e o u s  
a c t i v i t y ,  r e a r i n g ,  e x p l o r a t i o n ,  o r  f o o d  o r  w a t e r  i n t a k e .
One p o s s i b l e  e x p l a n a t i o n  f o r  t h e  f a i l u r e  o f  l e u p e p t i n ' s  t e m p o r a l l y  
d e p e n d e n t  e f f e c t s  t o  r e f l e c t  e x a c t l y  t h e  t i m e  c o u r s e  o f  t h e  
c a l c i u m - c a l p a i n  mechan i sm i s  t h a t  t h e  _i_n v i v o  t i m e  c o u r s e  o f  t h i s  
m ech an i sm may n o t  be  t h e  same as t h a t  j_n v i  t r o . A l t e r n a t i v e l y ,  a l t h o u g h  
t h e  p u t a t i v e  c a l c i u m - c a l p a i n  memory mechan i sm may be f u n c t i o n a l l y  a b l e  
t o  a c c o u n t  f o r  ( s t o r e )  memory w i t h i n  15 m i n ,  i t  c a n n o t  l o g i c a l l y  be t h e  
o n l y  memory mechan i sm a v a i l a b l e  t o  an o r g a n i s m .  T h a t  i s ,  some o t h e r  
mechan i sm m us t  a c c o u n t  f o r  t h e  f a c t  t h a t  o r g a n i s m s  a r e  a b l e  t o  remember  
f o r  p e r i o d s  s h o r t e r  t h a n  15 m i n .  T hu s ,  a l t h o u g h  t h e  c a l c i u m - c a l p a i n  
mechan i sm may be f u n c t i o n a l  a t  s h o r t e r  t i m e s ,  i t s  use may n o t  be
n e c e s s a r y  u n t i l  some c r i t i c a l l y  l o n g  t i m e .
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I V .  GENERAL DISCUSSION
T h r e e  e x p e r i m e n t s  d e s i g n e d  t o  as s e s s  l e u p e p t i n ' s  e f f e c t s  on 
a v e r s i v e l y  m o t i v a t e d  s p a t i a l  memory have been r e p o r t e d .  I t  was f o u n d  i n  
E x p e r i m e n t  One t h a t ,  g i v e n  l o n g  (one h o u r )  i n t e r t r i a l  i n t e r v a l s ,  
l e u p e p t i n  i m p a i r s  a c q u i s i t i o n  o f  one -way  a v o i d a n c e  p e r f o r m a n c e .  
E x p e r i m e n t  Two was c o n d u c t e d  t o  p r o v i d e  b a s i c  b e h a v i o r a l  d a t a  r e g a r d i n g  
r a t s 1 p e r f o r m a n c e  i n  an a v e r s i v e l y  m o t i v a t e d  s p a t i a l  c h o i c e  t a s k ,  and i t  
was f o u n d  t h a t ,  a l t h o u g h  t h e y  had no p r e f e r e n c e  w i t h  r e s p e c t  t o  w i n - s t a y  
o r  w i n - s h i f t  s t r a t e g i e s ,  r a t s  made s i g n i f i c a n t l y  f e w e r  e r r o r s  when 
r e q u i r e d  t o  a d o p t  a w i n - s h i f t  s t r a t e g y .  T h i s  p a r a d ig m  was t h e n  used i n  
E x p e r i m e n t  T h r e e  t o  asse ss  t h e  t e m p o r a l  de pendence  o f  l e u p e p t i n ' s  
e f f e c t s  on  memory and t h e  e f f e c t s  o f  l e u p e p t i n  on p r e v i o u s l y  a c q u i r e d  
a v o i d a n c e  r e s p o n d i n g .  L e u p e p t i n  i m p a i r e d  c h o i c e  p e r f o r m a n c e  a t  t h e  30 
min d e l a y  o n l y ,  w h i l e  l e a v i n g  c h o i c e  p e r f o r m a n c e  a t  s h o r t e r  d e l a y s  
i n t a c t .  T h i s  f i n d i n g  l e ad s  d i r e c t l y  t o  t h e  c o n c l u s i o n  t h a t  l e u p e p t i n  
p r o d u c e d  an i m p a i r m e n t  o f  memory.  Beca use  s u b j e c t s  w e re  a b l e  t o  re s p o n d  
a p p r o p r i a t e l y  a t  s h o r t e r  d e l a y s ,  one can  a r g u e  a g a i n s t  a 
l e u p e p t i n - i n d u c e d  i m p a i r m e n t  o f  s p a t i a l  d i s c r i m i n a t i o n  a b i l i t y ,  o r  a 
g l o b a l  d e b i l i t a t i o n  p r o d u c e d  by  some as y e t  unknown p r o p e r t y  o f  t h e  
s u b s t a n c e .
L e u p e p t i n  a l s o  i m p a i r e d  p o s t s u r g i c a l  a v o i d a n c e  r e s p o n d i n g .  I t  i s  
a t  t h e  p r e s e n t  t i m e  u n c l e a r  why l e u p e p t i n  d i s r u p t e d  t h i s  p r e v i o u s l y  
l e a r n e d  r e s p o n s e ;  h o w e v e r ,  l e u p e p t i n ' s  e f f e c t s  on p o s t s u r g i c a l  a v o i d a n c e  
p e r f o r m a n c e  has o b v i o u s  i m p l i c a t i o n s  f o r  t h e  i n t e r p r e t a t i o n  o f  t h e
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r e s u l t s  o f  E x p e r i m e n t  One. Because  l e u p e p t i n  i m p a i r e d  t h i s  p r e v i o u s l y  
a c q u i r e d  r e s p o n s e ,  and be cau se  t h e o r e t i c a l l y  i t  s h o u l d  n o t  i m p a i r  
p r e v i o u s l y  a c q u i r e d  memory,  one mus t  c o n s i d e r  t h e  p o s s i b i l i t y  t h a t  
l e u p e p t i n ' s  e f f e c t s  on one -w ay  a v o i d a n c e  a c q u i s i t i o n  a r e  due  t o  an 
im p a i r m e n t  o f  some a s p e c t  o f  a v o i d a n c e  a c q u i s i t i o n  o t h e r  t h a n  
b e t w e e n - t r i a l  memory.  I nd eed ,  one need n o t ,  and i n  f a c t  c a n n o t ,  
c o n c l u d e  t h a t  l e u p e p t i n  i m p a i r e d  memory f o r  t he  a v o i d a n c e  c o n t i n g e n c y  in 
E x p e r i m e n t  One ( a l t h o u g h  a m e m o r ia l  e x p l a n a t i o n  i s  c e r t a i n l y  n o t  r u l e d  
o u t )  .
The r e s u l t s  o f  E x p e r i m e n t  T h r e e  d e m o n s t r a t e  c o n v i n c i n g l y  t h a t ,  
un de r  a p p r o p r i a t e  c o n d i t i o n s ,  l e u p e p t i n  w i l l  i m p a i r  a v e r s i v e l y  m o t i v a t e d  
s p a t i a l  memory i n  a t i m e  d e p e n d e n t  f a s h i o n .  A l t h o u g h  t h e  b e h a v i o r a l  
e f f e c t s  do n o t  r e f l e c t  p r e c i s e l y  t h e  _in v i  t r o  t i m e  c o u r s e  o f  t h e  
c a l c i u m - c a l p a i n  mechan i sm,  l e u p e p t i n  c l e a r l y  m a n i f e s t s  i t s  e f f e c t s  
d i f f e r e n t i a l l y  o v e r  t i m e .  These  r e s u l t s  a r e  c o n s i s t e n t  w i t h  Lynch & 
B a u d r y ' s  ( I 98 A) b i o c h e m i c a l  t h e o r y  o f  memory f o r m a t i o n ,  and t h e  
s u g g e s t i o n  o f f e r e d  by  O l t o n  (1973)  and o t h e r s  ( B la c k  e t  a l . ,  1977) t h a t  
a v o i d a n c e  t a s k s  a r e  a t y p e  o f  s p a t i a l  t a s k .  G i v e n  t h e  p l e t h o r a  o f  d a t a  
i m p l i c a t i n g  t h e  h ippoc amp us  i n  s p a t i a l  memory and i n  on e -w ay  a v o i d a n c e  
p e r f o r m a n c e ,  and t h e  p r e s e n t  d a t a  i m p l i c a t i n g  t h e  c a l c i u m - c a l p a i n  
mechan ism i n  a v e r s i v e l y  m o t i v a t e d  s p a t i a l  memory,  one mus t  c o n s i d e r  t h e  
p o s s i b i l i t y  t h a t  t h e s e  ' t y p e s '  o f  memory s h a r e  a common c h e m i s t r y .
U s i n g  a d o u b l e  d i s s o c i a t i o n  t e c h n i q u e ,  S t a u b l i , F a r a d a y ,  S Lynch
( 1985) f o u n d  t h a t  l e u p e p t i n  i m p a i r e d  ' s p a t i a l '  ar.d ' o l f a c t o r y '  memory 
w h i l e  l e a v i n g  ' a v o i d a n c e '  memory i n t a c t ,  w h i l e  a n i s o m y c i n ,  a p r o t e i n  
s y n t h e s i s  b l o c k e r ,  i m p a i r e d  ' a v o i d a n c e '  memory b u t  n o t  o l f a c t o r y  memory.
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They  wen t  on t o  c o n c l u d e  t h a t  d i f f e r e n t  ' t y p e s '  o f  memory a r e  r e g u l a t e d  
by  d i f f e r e n t  c h e m i s t r i e s .  I t  was s u b s e q u e n t l y  shown t h a t  a n i s o m y c i n ,  
l i k e  l e u p e p t i n ,  i m p a i r s  a p p e t i t i v e l y  m o t i v a t e d  memory i n  a r a d i a l  arm 
maze ( M iz u m o r i ,  R o s en z w e i g ,  6 B e n n e t t ,  198 5) •  and t h a t  l e u p e p t i n ,  l i k e  
a n i s o m y c i n ,  i m p a i r s  a v o i d a n c e  memory ( D a v i s  6 P i c o ,  i n  p r e s s ;  M o r r i s  6 
B a k e r ,  19 84 ) .  Thus i t  a p p e a r s  t h a t ,  a l t h o u g h  S t a u b l i  e t  a l . ' s  
s u g g e s t i o n  r e g a r d i n g  t h e  d i f f e r e n t i a l  i n v o l v e m e n t  o f  v a r i o u s  c h e m i s t r i e s  
i n  d i f f e r e n t  ' t y p e s '  o f  memory may be t r u e ,  i t  i s  n o t  t r u e  o f  t h e  
p u t a t i v e  c a l c i u m - c a l p a i n  mechan i sm and i t s  i n v o l v e m e n t  i n  ' a v o i d a n c e '  
v e r s u s  ' s p a t i a l '  memory.
W h i l e  d i s r u p t i o n  o f  h i p p oc am p a l  f u n c t i o n  p ro d u c e s  d e l e t e r i o u s  
b e h a v i o r a l  e f f e c t s  i n  s p a t i a l  t a s k s ,  m a n i p u l a t i o n  o f  o t h e r  b r a i n  a r e a s  
has  been shown t o  p ro du c e  s i m i l a r  d e f i c i t s .  For  e x a m p l e ,  l e s i o n s  t o  t h e  
m a m m i la r y  b o d i e s  i m p a i r  s p a t i a l  a l t e r n a t i o n  l e a r n i n g  (Greene 6 N a r a n j o ,
1 9 8 6 ; R o s e n s t o c k ,  F i e l d ,  6 Greene ,  1 9 7 7 ) -  S i m i l a r  r e s u l t s  a r e  f o u n d  
f o l l o w i n g  l e s i o n s  t o  t h e  sep tum (He r r m an n ,  P o u c e t ,  & E l l e n ,  19 8 5 ) -  
C h e m ic a l  l e s i o n s  t o  t h e  n o r a d r e n e r g i c  b u n d l e ,  a m a j o r  a f f e r e n t  t o  t he  
h ip p o c a m p u s ,  h a v e  been shown t o  p r o d u c e  s p a t i a l  l e a r n i n g  d e f i c i t s  (Mason 
6 F i b i n g e r ,  1 9 7 8 ) ,  a l t h o u g h  c o n t r a r y  r e s u l t s  have a l s o  been f o u n d  ( P i s a
& F i b i n g e r ,  1983) .  One m u s t  c o n d s i d e r  t h e  p o s s i b i l i t y  t h a t  l e u p e p t i n  i;
%
ft,
m a n i f e s t s  i t s  e f f e c t s  t h r o u g h  a d i s r u p t i o n  o f  t h e  f u n c t i o n i n g  o f  one o r  |
I-,
m ore  o f  t h e s e  a l t e r n a t e  b r a i n  a r e a s ,  and n o t  t h r o u g h  t h e  p r o p o s e d  f
d i s r u p t i o n  o f  t h e  h i p p oc am p a l  c a l c i u m - c a l p a i n  mec ha n i s m.
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The p r e s e n t  e x p e r i m e n t s  r a i s e  many q u e s t i o n s .  Among t h e  most  
p r e s s i n g  i s s u e s  f o r  f u t u r e  r e s e a r c h  i s  d e t e r m i n i n g  l e u p e p t i n ' s  e f f e c t s  
on p r e v i o u s l y  a c q u i r e d  b e h a v i o r .  I f  i t  i s  f o u n d  t h a t  l e u p e p t i n  p ro d u c e s  
a r e t r o g r a d e  a m n e s i a ,  Lynch  & B a u d r y ' s  t h e o r y  mus t  u n d e r g o  s u b s t a n t i a l  
r e v i s i o n .  The no nm e m or ia l  e f f e c t s  o f  l e u p e p t i n ,  such as i t s  p o s s i b l e  
e f f e c t  on a t t e n t i o n a l  p r o c e s s e s ,  mus t  be i n v e s t i g a t e d .  A l s o ,  o t h e r  
p h a r m a c o l o g i c a l  m a n i p u l a t i o n s  d e s i g n e d  t o  i n t e r f e r e  w i t h  t h e  
c a l c i u m - c a l p a i n  mechan i sm a t  d i f f e r e n t  p o i n t s ,  such as g l u t a m a t e  
r e c e p t o r  b l o c k e r s  and o t h e r  p r o t e i n a s e  i n h i b i t o r s ,  w i l l  have  t o  be 
t e s t e d  i n  b o t h  t h e  b e h a v i o r a l  and b i o c h e m i c a l  d o m a i ns .  I n t e r e s t i n g l y ,  
l e u p e p t i n ' s  e f f e c t s  on LTP i n d u c t i o n  have n o t  y e t  been d e t e r m i n e d .  T h i s  
i s  one o f  many s t u d i e s  w h i c h  needs  t o  be done  b e f o r e  any  c o n c l u s i o n s  can 
be r e a c h e d  r e g a r d i n g  t h e  r o l e  o f  t h e  c a l c i u m - c a l p a i n  me chan i sm,  
l e u p e p t i n ,  and LTP i n  memory.
R e c en t  e v i d e n c e  i n d i c a t e s  t h a t  a s u b a c u t e  b o u t  o f  t h i a m i n e  
d e f i c i e n c y  r e s u l t s  i n  an i m p a i r m e n t  o f  b o t h  a p p e t i t i v e l y  ( h a i r ,
A n d e r s o n ,  L a n g l a i s ,  £ Mc E n t e e ,  1985) and a v e r s i v e l y  ( H a i r ,  O t t o ,  K n o t h ,
£ Goo dness ,  i n  p r e p a r a t i o n )  m o t i v a t e d  s p a t i a l  memory.  F u r t h e r ,  t h i s  
t r e a t m e n t  r e g im e n  p r o d u c e s  l e s i o n s  t o  t h e  i n t r a l a m i n a r  n u c l e i  o f  t h e  
t h a l a m u s  ( H a i r  £ L a n g l a i s ,  u n p u b l i s h e d  o b s e r v a t i o n s ) ,  an  a r e a  r i c h  i n  
NHDA r e c e p t o r s .  These  i n d u c e d  l e s i o n s  a r e  s i m i l a r  t o  t h o s e  f o u n d  i n  
A l c o h o l i c  K o r s a k o f f ' s  Synd rome ,  a d e g e n e r a t i v e  b r a i n  d i s o r d e r  i n d u c e d  by 
t h i a m i n e  d e f i c i e n c y  and c h a r a c t e r i z e d  by a p r o f o u n d  a n t e r o g r a d e  a m n e s i a .  
F u t u r e  s t u d i e s  a imed  a t  u n c o v e r i n g  t h e  p o s s i b l e  r o l e  o f  t h e  
c a l c i u m - c a l p a i n  mechan i sm i n  p o s t - t h i a m i n e  d e f i c i e n c y  am n es ia  w o u ld  be 
u s e f u l  i n  b r i n g i n g  t o g e t h e r  t h e s e  l i t e r a t u r e s .  For  e x a m p l e ,  a s s a y i n g
b r a i n  c a l p a i n  c o n c e n t r a t i o n  f o l l o w i n g  t h i a m i n e  d e f i c i e n c y  w o u l d  i n d i c a t e  
w h e t h e r  t h i s  c h e m ic a l  s ys t e m  i s  i n v o l v e d  i n  t h e  o b s e r v e d  memory 
d e f i c i t s .  F u r t h e r ,  t h e  e f f e c t s  o f  t h i a m i n e  d e f i c i e n c y  on t h e  i n d u c t i o n  
o f  h i p p o c a m p a l  LTP w o u ld  i n d i c a t e  w h e t h e r  h i p p oc am p a l  LTP i s  i n v o l v e d  i n  
t h e  o b s e r v e d  memory d e f i c i t s  f o l l o w i n g  such t r e a t m e n t .  A f a i l u r e  o f  
t h i a m i n e  d e f i c i e n c y  t o  d i s r u p t  _i_n v i v o  LTP i n d u c t i o n  w h i l e  p r o d u c i n g  a 
memory d e f i c i t  i n  t h e  same o r g a n i s m  w o u l d  p r e s e n t  a p r o b l e m  f o r  many 
modern t h e o r i s t s .  C o n v e r s e l y ,  a t h i a m i n e  d e f i c i e n c y - i n d u c e d  b l o c k a d e  o f  
LTP i n d u c t i o n  w o u ld  f i t  n i c e l y  i n t o  t h e  r a p i d l y  e m e r g i n g  o v e r a l l  scheme 
o f  t h e  p h y s i o l o g y  o f  memory.
A f i n a l  s e t  o f  s t u d i e s  w h i c h  need  t o  be c o n d u c t e d  f o l l o w  f r o m  t h e  
f i n d i n g  t h a t  b o t h  h i p p o c a m p a l  l e s i o n s  ( S t a u b l i , I v y ,  G Lynch ,  198k) and 
i n t r a c e r e b r o v e n t r  i c u l a r  i n f u s i o n s  o f  l e u p e p t i n  ( S t a u b l i ,  B a u d r y ,  6 
Lyn c h ,  1985) b l o c k  o l f a c t o r y  l e a r n i n g  s e t  f o r m a t i o n ,  w h i c h  i n  r a t s  
r e s e m b le s  t h e  a c q u i s i t i o n  o f  l e a r n i n g  s e t s  f o r  v a r i o u s  s e n s o r y  cues  by 
p r i m a t e s  ( N i g r o s h ,  S l o t n i c k ,  G N e v i n ,  1975 ) -  R a ts  can  d i s c r i m i n a t e  
e l e c t r i c a l  s t i m u l a t i o n  o f  d i s c r e t e  p a t c h e s  o f  o l f a c t o r y  b u l b  and l a t e r a l  
o l f a c t o r y  t r a c t ,  and t h e s e  s t i m u l i  c an  be used e f f e c t i v e l y  as 
d i s c r i m i n a t i v e  s t i m u l i  i n  a l e a r n i n g  s e t  p a ra d ig m  (Roman, S t a u b l i , G 
Lyn ch ,  1986) .  F u r t h e r ,  t h e s e  l e a r n e d  d i s c r i m i n a t i o n s  a r e  s t r o n g l y  
c o r r e l a t e d  w i t h  t h e  i n d u c t i o n  o f  LTP i n  t h e  p y r i f o r m  c o r t e x .  A more 
d e t a i l e d  e v a l u a t i o n  o f  t h e  r o l e  o f  t h e  c a l c i u m - c a l p a i n  mechan i sm in  
memory c o u l d  be p u r s u e d  b y  a s s e s s i n g  t h e  e f f e c t  o f  v a r i o u s  
p h a r m a c o l o g i c a l  m a n i p u l a t i o n s ,  s uc h  as  i n f u s i o n s  o f  l e u p e p t i n  o r  
g l u t a m a t e  r e c e p t o r  a n t a g o n i s t s ,  on b o t h  l e a r n i n g  s e t  f o r m a t i o n  and LTP 
i n d u c t i o n  i n  t h e  same o r g a n i s m .
The r e s u l t s  o f  t h e  p r e s e n t  s t u d i e s ,  i n  p a r t i c u l a r  E x p e r i m e n t  T h r e e ,  
a r e  c o n s i s t e n t  w i t h  t h e  c a l c i u m - c a l p a i n  memory mechan i sm p r o p o s e d  by 
Ly n c h  £ B a u d r y  (1984 ) .  L e u p e p t i n ,  a p r o t e i n a s e  ( c a l p a i n )  i n h i b i t o r ,  
i m p a i r e d  a v e r s i v e I y - m o t i v a t e d  s p a t i a l  memory i n  a t i m e  d e p e n d e n t  
f a s h i o n .  T h e s e  f i n d i n g s  a r e  s i g n i f i c a n t  be cause  t h e y  s u g g e s t  t h a t  
' s p a t i a l '  and ' a v o i d a n c e 1 memory a r e  n o t  t r u l y  d i c h o t o m o u s ,  and may be 
s u b s e r v e d  by t h e  same b i o c h e m i c a l  mec ha n i s m.  F u r t h e r ,  and p e r h a p s  more 
i m p o r t a n t l y ,  t h e  t em po r a l  dependence  o f  l e u p e p t i n ' s  b e h a v i o r a l  e f f e c t s  
a r e  s t r o n g l y  s u g g e s t i v e  o f  a memory i m p a i r m e n t .  W h i l e  i t  i s  c l e a r  t h a t  
m ore  work ne e d s  t o  be d o ne  b e f o r e  f i r m  c o n c l u s i o n s  can be d r a w n ,  t h e  
p r e s e n t  s t u d i e s  s u p p o r t  t h e  t h e o r y  o f  c a l p a i n - i n d u c e d  n e u r a l  
' c h a n g e a b i l i t y '  by w h i c h  mem or ies  a r e  ' p r e s e r v e d  i n  a l a t e n t  s t a t e  by 
t h e  ne rvous  a p p a r a t u s ' .
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